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(54) Scan conversion apparatus with improved vertical resolution and flicker reduction 
apparatus 

(57) A video scan converter has a deflickering circuit 
that attenuates spatial frequency components that com- 
bine high vertical spatial frequency with low horizontal 
spatial frequency. The resulting signal is converted from 
progressive scanning to interlaced scanning by appro- 
priate selection of even and odd horizontal scanning 
lines. The deflickering circuit may also expand a select- 
ed part of the video signal by vertical interpolation, fol- 
lowed by vertical low-pass filtering, in which case a sep- 
arate horizontal interpolating circuit expands the select- 
ed part horizontally, preferably after progressive-to-in- 
terlaced scan conversion. 
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Description 

BACKGROUND OF THE INVENTION 

• The present invention relates to a scan conversion 
apparatus for converting a progressively scanned video ' 
signal to an interlaced video signal. 

Progressive scanning is employed in computer 
monitors, while interlaced scanning is employed in tel- 
evision sets, so the above type of scan conversion is 
needed when an image output from a computer is dis- 
played on a television screen. This is expected to be- 
come a common situation, for the following reason. 

The market for personal computers is expanding 
rapidly worldwide, but most personal computers have 
been purchased, either by firms or by individuals, as 
business tools. Recently, many manufacturers have 
been making personal computers easier to use by com- 
bining the computer and its keyboard, pointing device, 
monitor display, disk drives, and other components into 
a single unit, so that the user does not have to intercon- 
nect these components himself, and by adding pre-in- 
stalled software. These personal computers are not in- 
tended for family use, however, but for use by a single 
individual, who sits facing a comparatively small display 
screen and manipulates the keyboard and pointing de- 
vice by himself. The need for inexpensive, easy-to-op- 
erate computers for family use remains unanswered. 

When computers are developed for family use, they 
will require a large display that can be watched by the 
whole family at once, with audio that can be heard by 
the whole family at once. That is, the display will have 
to be similar to a television display. The computer will 
also have to be operable like a television set or other 
home audio-visual appliance, by means of a wireless 
remote-control device, for example. 

Providing an inexpensive display for such a compu- 
ter presents a problem, because for a given size, a com- 
puter monitor is about four times as costly as a television 
display. The most readily available solution to this prob- 
lem is to connect the computer to a television set 
through a device that converts the computer's progres- 
sive scanning to the interlaced scanning used by the tel- 
evision set. Thus as the personal computer evolves into 
a computer for family use, it can be anticipated that com- 
puter output will frequently be displayed on television 
screens, necessarily with scan conversion. 

There is no single computer-display standard, but 
the video graphics array (VGA) standard is widely used 
and can be taken as a typical example. The VGA stand- 
ard specifies progressive scanning with six hundred for- 
ty effective picture elements or pixels per horizontal 
scanning line, and four hundred eighty effective horizon- 
tal scanning lines per frame. The scanning rate is not 
. standardized but is usually about sixty frames per sec- 
ond or sixty hertz (60 Hz). 

There is also no single television standard, but rec- 
ommendation BT.601 (system 525)of the Radiocommur 



nication Sector of the International Telecommunications 
Union (ITU-R) can be taken as typical. This standard 
specifies seven hundred twenty effective pixels per hor- 
izontal scanning line at a sampling rate of 13.5 mega* 

5 hertz (13.5 MHz), with four hundred eighty-six effective 
scanning lines per frame. In television broadcasts each 
frame is divided. into two interlaced fields, containing the 
even-numbered and odd-numbered scanning lines, re- 
spectively, and the scanning rate is about sixty fields per 

10 second. In the standard set by the National Television 
System Committee (NTSC), the scanning rate is 59.94 
fields per second (59.94 Hz). 

One reason for a frame rate in progressive scanning 
and a field rate in interlaced scanning of about sixty hertz 

is is that this is the rate at which flicker ceases to be an- 
noying in the range of brightness levels normally dis- 
played on a computer monitor or television screen. 

Since the computer's progressively-scanned frame 
rate is substantially equal to the interlaced field rate of 

so the television set, scan conversion can be carried out 
basically by decimation: by deleting even-numbered 
scanning lines from one frame, odd-numbered scanning 
lines from the next frame, and so on in alternation. This 
leads to a severe flicker problem, however, because 

25 computer-generated images tend to contain many 
sharp edges and other fine detail. After scan conversion, 
detail with a vertical extent of only one scanning line will 
appear only in every other field, flickering at a rate of 
about thirty hertz. If the detail is bright, this flicker will be 

30 high ly visible and irritating. Any sharp vertical brightness 
transition produces similar flicker. 

A known method of reducing the flicker caused by 
the scan conversion of a computer-generated image is 
to use a low-pass spatial filter to reject the highest ver- 

35 tical spatial frequencies. For example, a filter that re- 
places each horizontal scanning line with the weighted 
average of that scanning line itself (given a weight of 
1/2) and the adjacent scanning lines above and below 
(each given a weight of 1/4) can effectively eliminate 

40 flicker. 

A problem is that while eliminating flicker, this filter 
also reduces the vertical resolution of the image, so that 
vertical details become blurred. In particular, computer- 
generated text often becomes difficult to read. There are 

45 known methods of improving vertical resolution by re- 
ducing the degree of filtering in areas where little vertical 
high-frequency energy is present, or where image mo- 
tion is present, but these methods fail to improve the 
readability of text, which is has considerable vertical 

50 high-frequency energy and is motionless. 

Attempts have been made to compensate for the 
loss of vertical resolution by expanding images in which 
text or other important detail occurs. One known method 
of expanding an image copies part of the input signal to, 

55 for example, the odd field of the output signal, and con- 
structs the even field by mean-value interpolation be- 
tween adjacent odd-numbered scanning lines. After 
scan conversion by this method, however, odd-num- 
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bered fields appear sharper than even-numbered fields, 
because the odd fields are obtained directly from the 
original image while the even fields are obtained by av- 
eraging. Thus the entire screen appears to flicker. 

Another known expansion method copies the orig- 
inal image to both the even and odd fields of the output 
image, so that the even and odd fields are identical. Both 
fields then appear equally sharp, but severe flicker oc- 
curs at horizontal edges in the output image, 

SUMMARY OF THE INVENTION 

It is accordingly a general object of the present in- 
vention to reduce flicker without unnecessary loss of 
vertical resolution, when a video signal is converted 
from progressive scanning to interlaced scanning. 

A more specific object is to improve the legibility of 
text in a video signal that has been converted from pro- 
gressive scanning to interlaced scanning. 

A further object is to avoid flicker when an image is 
expanded in the process of conversion from progressive 
scanning to interlaced scanning. 

The invented scan conversion apparatus has a de- 
flickering circuit that attenuates spatial frequency com- 
ponents having high vertical spatial frequency and si- 
multaneously having low horizontal spatial frequency, 
thereby producing a filtered video signal. Selected hor- 
izontal scanning lines of the filtered video signal are 
stored in a frame memory, which has separate areas for 
storing even and odd horizontal scanning lines, thereby 
converting the filtered video signal from progressive 
scanning to interlaced scanning. 

The deflickering circuit comprises a combination of 
at least two of the following elements: a vertical filtering 
circuit for separating high vertical spatial frequencies 
from low vertical spatial frequencies and outputting at 
least the low vertical spatial frequencies; a horizontal 
filtering circuit for separating high horizontal spatial fre- 
quencies from low horizontal spatial frequencies and 
outputting at least the high horizontal spatial frequen- 
cies; an amplitude limiter for limiting the amplitude of 
high vertical spatial frequencies, or of high-vertical-low- 
horizontal spatial frequencies; a direct-current detector 
for detecting direct-current-like portions of the input vid- 
eo signal and controlling the operation of the amplitude 
limiter; and an amplitude converter for modifying the am- 
plitude of spatial frequencies that are high in both the 
horizontal and vertical directions. 

The deflickering circuit may also be adapted to ex- 
pand part of the input video signal by vertical interpola- 
tion, followed by vertical low-pass filtering. In this case 
a separate horizontal interpolating circuit expands the 
selected parts horizontally by performing horizontal in- 
terpolation. 

In the case of a color video signal, the deflickering 
circuit preferably operates only on the luminance com- 
ponent. 



TO 



75 



25 



35 



BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings:- 



FIG. 1 illustrates vertical and temporal frequency 
characteristics of a progressively scanned video 
signal; 

FIG. 2 illustrates vertical and temporal frequency 

characteristics of an interlaced video signal; 

FIG. 3 illustrates vertical and horizontal frequency 

characteristics of a video signal; 

FIG. 4 is a block diagram illustrating the first seven 

embodiments of the invention; 

FIG. 5 is a block diagram of the deflickering circuit 

in the first embodiment of the invention; 

FIG. 6 is a block diagram of the vertical low-pass 

filter in FIG. 5; 

FIG, 7 is a block diagram of the horizontal high-pass 
filter in FIG. 5; 

FIG. 8 is a spatial frequency diagram illustrating the 
operation of the first embodiment; 
FIG. 9 is a block diagram of the deflickering circuit 
in the second embodiment; 

FIG. 10 illustrates the limiting characteristic of the 
amplitude limiter in FIG. 9; 

FIG. 1 1 illustrates a variation of the limiting charac- 
teristic of the amplitude limiter in FIG. 9; 
FIG. 1 2 is a block diagram of the deflickering circuit 
in the third embodiment; 

FIG. 13 is a block diagram of the second vertical 
low-pass filter in FIG. 12; 

FIG. 14 illustrates the frequency characteristic of 

the first vertical low-pass filter in FIG. 12; 

FIG. 15 illustrates the frequency characteristic of 

the second vertical low-pass filter in FIG. 12; 

FIG. 16 is a spatial frequency diagram illustrating 

the operation of the third embodiment; 

FIG. 17 is a block diagram of the deflickering circuit 

in the fourth embodiment; 

FIG. 18 is a block diagram of the direct-current de- 
tector in FIG. 17; 

FIG. 19 illustrates the limiting characteristics of the 
amplitude limiter in FIG. 17; 
FIG. 20 is a block diagram of the deflickering circuit 
in the fifth embodiment; 

FIG. 21 illustrates the operating characteristic of the 
amplitude converter in FIG. 20; 
FIG. 22 is a block diagram of the deflickering circuit 
in the sixth embodiment; 

FIG. 23 is a block diagram of the horizontal low- 
pass filter in FIG. 22; 

FIG. 24 illustrates a first limiting characteristic of the 
amplitude limiter in FIG. 22; 
FIG. 25 illustrates a second limiting characteristic 
of the amplitude limiter in FIG. 22; 
FIG. 26 illustrates the operation of the sixth embod- 
iment in an image that is substantially constant in 
the horizontal direction but has a step transition in 
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the vertical direction; 

FIG. 27 illustrates the operation of the sixth embod- 
iment in an image that is not substantially constant 
in the horizontal direction, and has a step transition 
in the vertical direction; 

FIG. 28 is a block diagram of the def lickering circuit 
in the seventh embodiment; 
FIG. 29 is a block diagram of the eighth embodi- 
ment; 

FIG. 30 is a block diagram ot the deflickering circuit 
in the eighth embodiment; 

FIG. 31 is a block diagram of the vertical low-pass 
filter in FIG. 30; 

FIG. 32 is a block diagram of the horizontal interpo- 
lating circuits in the eighth embodiment; 
FIG. 33 is a flowchart illustrating the expansion and 
flicker-suppression operation of the eighth embod- 
iment; 

FIG. 34 is a diagram further illustrating the expan- 
sion and flicker-suppression operation of the eighth 
embodiment; 

FIG. 35 is a block diagram of a field-frame conver- 
sion circuit; and 

FIG. 36 is a block diagram of another field-frame 
conversion circuit. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



Embodiments of the invention will be described with 
reference to the attached illustrative drawings. These 
embodiments will be described as converting a VGA vid- 
eo signal output by a computer to a video signal con- 
forming to the standard set by the National Television 
System Committee (NTSC) for display by a television 
set, except that the luminance and chrominance com- 
ponents of the NTSC signal will be left separate. 

Before the embodiments are described, it will be 
useful to give a more technical description of the way in 
which flicker arises. 

The frequency characteristics of a video signal can 
be described by a three-dimensional Fourier transform 
performed in relation to two spatial axes and one tem- 
poral axis. FIG. 1 illustrates the vertical and temporal 
frequency characteristics of a progressively scanned 
video signal having a frame rate of 60 Hz and a resolu- 
tion of 525 horizontal scanning lines per frame, including 
scanning lines in the vertical blanking interval, which are 
not displayed. The vertical axis indicates vertical spatial 
frequency ( v ), which can be measured in cycles per 
height of the screen (cpH). The horizontal axis indicates 
temporal frequency, measured in hertz. The frequency 
components of a progressively scanned video signal ap- 
pear repeatedly around multiples of 60 Hz in the tempo- 
ral direction and multiples of 525 cpH in the vertical di- 
rection, in regions such as region 2. 

The negative frequency values in FIG. 1 have es- 
sentially the same meaning as the positive frequency 



values. The frequency components corresponding to 
vertical f ine detail are disposed at both the top and bot- 
tom of region 2 and the other regions. 

FIG. 2 illustrates the frequency characteristics of 
s the signal in FIG. 1 after conversion from progressive to 
interlaced scanning. The horizontal and vertical axes 
have the same meaning as in FIG. 1. In addition to the 
frequency components 2 that were present in FIG. 1, 
new frequency components 3 are present, located 
10 around odd multiples ot 30 Hz and 525/2 cpH. The ver- 
tical spatial frequencies that give rise to flicker occur in 
the hatched regions, e.g. where the highest positive ver- 
tical spatial frequencies 4 in region 2 coincide with neg- 
ative vertical spatial frequencies 5 in region 3. or where 
is the highest negative spatial frequencies 6 in region 2 
coincide with positive spatial frequencies 7 in region 8. 

FIG. 3 shows region 2 in FIG. 2 viewed in the spatial 
frequency plane. The vertical axis indicates vertical spa- 
tial Irequency ( v ) as in FIG. 2. The horizontal axis now 
20 indicates horizontal spatial frequency ( u. ), which is con- 
ventionally measured in megahertz. Hatching is again 
used to indicate the frequency components that give rise 
to flicker. If the frequency components in areas 4 and 6 
are eliminated, the flicker disappears, but vertical reso- 
25 lution suffers, as noted earlier. 

The embodiments of the present invention will filter 
out, limit, or attenuate some but not all of the frequency 
components in regions 4 and 6. thereby reducing flicker 
to an unobtrusive level while maintaining adequate ver- 
30 tical spatial resolution. The degree of filtering, limiting, 
or attenuation will be responsive to horizontal spatial fre- 
quency characteristics of the video signal. 



First embodiment 



35 



FIG. 4 shows the general structure of the first em- 
bodiment. The VGA signal comprises separate red, 
green, and blue component signals (R, G, and B) which 
are received at input terminals 9, 1 0, and 1 2, and a syn- 
40 chronizing signal (VGA SYNC) that is received at an in- 
put terminal 14. The television set also provides a syn- 
chronizing signal (TV SYNC) to an input terminal 16. 

The red, green, and blue component signals are 
supplied to a matrix circuit 18, which converts them to 
4S analog luminance and chrominance signals, more spe- 
cifically to an analog luminance signal Y and two analog 
color difference signals R - Y and B - Y. The color differ- 
ence signals are filtered by a pair of low-pass filters 20 
and 22. The luminance signal Y and the filtered color 
so difference signals R - Y and B - Y are then converted to 
digital signals by three analog-to-digital (A/D) convert- 
ers 24, 26, and 28. 

The digitized luminance signal (denoted Yin) is fed 
through a novel deflickering circuit 30, and the resulting 
55 filtered luminance signal (denoted Yout) is stored in a 
first frame memory 32. The digitized color difference sig- 
nals R - Y and BrY are stored in a pair of chrominance 
frame memories 34 and 36. At appropriate times, these 
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signals are read out of the frame memories 32, 34, and 
36 and converted to analog signals by three digital-to- 
analog (D/A) converters 38, 40, and 42. The resulting 
analog luminance signal Y is fed through a synchroniz- 
ing signal adding circuit 44, which adds synchronizing 
pulses, to an output terminal 46. The analog color dif- 
ference signals R - Y and B - Y are supplied to a chroma 
encoder 48, which combines them into a chrominance 
signal C that is delivered to an output terminal 50. 

The VGA synchronizing signal is detected by a first 
synchronization detector 52, which furnishes horizontal 
and vertical synchronizing pulses to a first phase-locked 
loop (PLL) circuit 54 and a memory control circuit 56. 
The first PLL circuit 54 provides clock signals to the A/ 
D converters 24, 26, and 28, the deflickering circuit 30, 
and the memory control circuit 56. 

The TV synchronizing signal is detected by a sec- 
ond synchronization detector 58, which furnishes hori- 
zontal and vertical synchronizing pulses to the synchro- 
nizing signal adding circuit 44, the chroma encoder 48, 
a second PLL circuit 60, and the memory control circuit 
56. The second PLL circuit 60 provides clock signals to 
the D/A converters 38, 40, and 42 and the memory con- 
trol circuit 56. 

FIG. 5 shows the structure of the novel deflickering 
circuit 30 in FIG. 4. This deflickering circuit 30 receives 
the digitized luminance signal Yin from A/D converter 24 
at an input terminal 62, receives memory control signals 
from the memory control circuit 56 at an input terminal 
64, and supplies a filtered luminance signal Yout to an 
output terminal 66, which is coupled to the first frame 
memory 32. The two input terminals 62 and 64 are cou- 
pled to a first vertical low-pass filter (VLPF) 68 and a line 
memory 70. The outputs of the first vertical low-pass fil- 
ter 68 and line memory 70 are supplied to a subtractor 
72, which furnishes their difference to a horizontal high- 
pass filter (HHPF) 74. The output of the first vertical low- 
pass filter 68 is stored temporarily in a register 76. An 
adder 78 adds the register contents to the output of the 
horizontal high-pass filter 74 and supplies the sum to 
the output terminal 66. 

The symbol V L in FIG. 5 indicates the vertical low- 
frequency luminance signal V L (containing luminance 
components with low vertical spatial frequencies) output 
by the first vertical low-pass fitter 68. V H indicates the 
vertical high-frequency luminance signal (containing lu- 
minance components with high vertical spatial frequen- 
cies) obtained by subtracting V L from Yin. Y HH indicates 
the horizontal-high-frequency-vertical-high-frequency 
signal obtained by horizontal high-pass filtering of V H . 

In the following description it will be assumed that 
all of these signals are eight-bit signals. The possible 
values of Yin and V L are from zero and two hundred fifty- 
five (0 to 255). The possible values of V H and Y HH are 
from minus one hundred twenty-seven to plus one hun- 
dred twenty-eight (-127 to 128). 

FIG. 6 shows the structure of the first vertical low- 
pass filter 68 in FIG. 5. This filter has three taps, with 



coefficients of 1/4, 1/2, and 1/4. More specifically, the 
luminance signal Yin received at input terminal 62 is 
stored in a first line memory 80, then passed from the 
first line memory 80 to a second line memory 82. These 
5 line memories 80 and 82 are controlled by the memory 
control signals received at input terminal 64. The input 
to line memory 80, the output from line memory 80, and 
the output from line memory 82 are furnished to respec- 
tive multipliers 84, 86, and 88, and multiplied by respec- 
io tive weighting coefficients (tap coefficients) of 1/4, 1/2, 
and 1/4. The outputs of multipliers 84, 86, and 88 are 
added by an adder 90 and provided as the vertical low- 
frequency luminance signal V L to an output terminal 92. 
FIG. 7 shows the structure of the horizontal high- 
is pass filter 74 in FIG. 5. The vertical high-lrequency sig- 
nal V H is received at an input terminal 94, stored in a 
first register 96, then passed to a second register 98. 
The input to register 96, the output from register 96, and 
the output from register 98 are furnished to respective 
20 multipliers 100, 102, and 104, and multiplied by respec- 
tive weighting coefficients of -1/4, 1/2, and -1/4. The out- 
puts of multipliers 100, 102, and 104 are added by an 
adder 106 and provided as the horizontal-high-lrequen- 
cy-vertical-highf requency signal Y HH to an output termi- 
2S nallOS. 

As FIGs. 5, 6, and 7 indicate, the hardware require- 
ments of the deflickering circuit 30 are modest, consist- 
ing in all of three registers, three line memories, three 
adders, six multipliers, and a subtractor. The multipliers 
30 are particularly simple. Since the multipliers multiply by 
fixed coefficients of 1/2, 1/4, or -1/4, they need only per- 
form a one- or two-bit right shift operation, or a two-bit 
right shift and a two's complement operation. The right 
shift operations can be carried out simply by means of 
35 appropriate signal line interconnections, 

FIG. 8 shows the two-dimensional spatial frequency 
plane again and illustrates the basic operating concept 
of the deflickering circuit 30. The horizontal and vertical 
axes have the same meaning as in FIG. 3. 
40 Generally speaking, flicker occurring over a large 
area is much more noticeable than flicker occurring in a 
small area. When a large area flickers, not only is the 
flicker obvious, but the human eye extends the percep- 
tion of flicker into adjacent areas, so that those areas 
45 appear to flicker too. Thus if the horizontal dividing lines 
or top and bottom boundary lines in a table or chart flick- 
er, the flicker is extremely irritating; the entire table or 
chart appears to vibrate. If only the very short horizontal 
lines occurring in the letters of text in the table or chart 
so flicker, however, the flicker will be barely perceptible and 
will not cause irritation. 

The first embodiment accordingly separates verti- 
cal spatial frequency components that cause obvious 
flicker from components that cause less perceptible 
55 flicker, and removes only components that cause obvi- 
ous flicker. More precisely, first all flicker-causing com- 
ponents are removed, then those components that 
cause less perceptible flicker are added back in. The 
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vertical resolution in areas ot small-scale detail, such as 
areas o! text, is thereby restored sufficiently for the detail 
to be seen, e.g. for the text to be read. 

In FIG. 8, first the high vertical spatial frequencies 
in regions 112, 114, 116, 118, 120, and 122 are removed 
from the luminance signal. Then the components in re- 
gions 112, 116, 118, and 122, representing high-vertical- 
high-horizontal spatial frequencies, are added back in. 
Thus only the components in regions 114 and 120, 
which combine high vertical spatial frequency with low 
horizontal spatial frequency, are removed. 

Next the operation of the first embodiment will be 
described with reference to FIGs. 4 to 7. Details of the 
internal operation of the matrix circuit 18 and other well- 
known circuits will be omitted. 

Referring to FIG. 4, after the red, green, and blue 
component signals received at input terminals 9, 1 0, and 
1 2 have been converted by the matrix circuit 18 to a lu- 
minance signal Y and color difference signals Ft - Y and 
B - Y, the low-pass filters 20 and 22 limit the bandwidth 
of the color difference signals R - Y and B - Y to half the 
bandwidth output by the matrix circuit 1 8. This band lim- 
itation has little effect on final picture quality, because 
the human eye is less sensitive to chrominance detail 
than to luminance detail. Because of this band limitation, 
the sampling clock signal supplied from the first PLL cir- 
cuit 54 to A/D converters 26 and 28 has half the rate of 
the sampling clock signal supplied to A/D converter 24. 
The data rate of each of the digitized color difference 
signals R - Y and B - Y is therefore half the data rate of 
the digitized luminance signal Yin. 

The first PLL circuit 54 generates these sampling 
clock signals from the horizontal synchronizing pulses 
detected by the first synchronization detector 52. The 
sampling clock supplied to A/D converters 26 and 28 is 
obtained by dividing the frequency of the sampling clock 
supplied to A/D converter 24. Both sampling clocks are 
supplied to the memory control circuit 56. The sampling 
clock supplied to A/D converter 24, referred to below as 
the VGA dot clock, is also supplied to the deflickering 
circuit 30. In addition, the first synchronization detector 
52 supplies both horizontal and vertical synchronizing 
signals to the memory control circuit 56. 

The memory control circuit 56 uses the VGA hori- 
zontal synchronizing signal supplied from the first syn- 
chronization detector 52 to generate read and write con- 
trol signals for the line memories 70, 80, and 82 in the 
deflickering circuit 30 and its first vertical low-pass filter 
68. These line memories are, for example, first-in-first- 
out (FIFO) memory circuits to which the memory control 
circuit 56 supplies line address reset signals for read 
access and write access, read and write enable signals, 
and read and write clock signals. The memory control 
circuit 56 also uses both the VGA horizontal and vertical 
synchronizing signals supplied from the first synchroni- 
zation detector 52 to generate read and write control sig- 
nals for the frame memories 32, 34, and 36, as will be 
described later. 



Referring to FIG. 5, the digitized luminance signal 
Yin output from A/D converter 24 is received at input 
terminal 62 of the deflickering circuit 30, fed to the first 
vertical low-pass filter 68 and line memory 70, and proc- 
5 essed as follows. 

Referring to FIG. 6, the luminance signal Yin is sup- 
plied to the first line memory 80 and multiplier 84 in the 
first vertical low-pass filter 68. The first line memory B0 
outputs the luminance signal Yin with a delay of one hor- 
10 izontal scanning line to the second line memory 82 and 
multiplier 86. The second line memory 82 outputs the 
luminance signal Yin with a delay of one more horizontal 
scanning line to multiplier 88. Line memories 80 and 82 
receive the above-mentioned read and write control sig- 
15 nals from the memory control circuit 56 at input terminal 
64. 

When a luminance pixel is output from the first line 
memory 80 and multiplied by 1/2 in multiplier 86, the lu- 
minance pixels directly above and below are simultane- 
20 ously multiplied by 1/4 in multipliers 84 and 88. By taking 
the sum of these three products, adder 90 rejects the 
flicker-causing high vertical spatial frequencies, leaving 
the vertical low-frequency luminance signal V L with only 
lower vertical spatial frequencies. V L can be considered 
25 to be delayed by one horizontal scanning line with re- 
spect to Yin. 

When a pixel value is output from the first line mem- 
ory 80, multiplied by 1/2 in multiplier 86, and added by 
- adder 90, the read and write control signals received 
30 trom the memory control circuit 56 at input terminal 64 
cause the line memory 70 in FIG. 5 to output the same 
pixel value. Subtractor 72 therefore subtracts the low- 
pass filtered value of each pixel from the unf iltered value 
of the same pixel. In this way all the low vertical spatial 
35 frequencies that were left by the first vertical low-pass 
filter 68 are removed by subtractor 72, leaving only high 
vertical spatial frequencies in the output V H of subtractor 
72. 

Referring to FIG. 7, this vertical high-frequency sig- 
40 nal V H is received by the horizontal high-pass filter 74 
at input terminal 94 and supplied to the first register 96 
and multiplier 100 in the horizontal high-pass filter 74. 
The first register 96 outputs V H with a delay of one pixel 
to the second register 98 and multiplier 1 02. The second 
45 register 98 outputs V H with a delay of one more pixel to 
multiplier 104. Registers 96 and 98 are controlled by the 
VGA dot clock output by the first PLL circuit 54, although 
this is not explicitly indicated in the drawing. 

When a V H pixel value is output from the first reg- 
50 ister 96 and multiplied by 1/2 in multiplier 102, the values 
of the adjacent pixels to the right and left are simultane- 
ously multiplied by -1/4 in multipliers 100 and 104. By 
taking the sum of these three products, adder 106 re- 
jects low horizontal spatial frequencies. Since the input 



55 v H to the horizontal high-pass filter 74 contained only 
high vertical spatial frequencies, the output Y HH of the 
horizontal high-pass filter 74 contains only components 
which are high in both horizontal and vertical spatial fre- 
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quency simultaneously (regions 112, 116, 118, and 122 
in FIG. 8). Y HH can be considered to be delayed by one 
pixel with respect to V H and V L . 

Relerring again to FIG. 5, register 76 delays V L by 
one pixel, so that adder 78 adds each pixel in V L to the 
corresponding Y HH pixel. The filtered luminance signal 
Yout output by adder 78 is delayed by one scanning line 
plus one pixel, and contains both the low vertical spatial 
frequencies present in V L and the high vertical, high hor- 
izontal spatial frequencies present in Y HH . In FIG. 8, this 
signal Yout contains all components except those in the 
hatched regions 114 and 120. 

Referring again to FIG. 4, the filtered luminance sig- 
nal Yout output by the deflickering circuit 30 and the 
color difference signals R - Y and B - Y output by A/D 
converters 26 and 28 are stored in the frame memories 
32, 34, and 36 in accordance with write control signals 
received from the memory control circuit 56, as follows. 

The control signals furnished from the memory con- 
trol circuit 56 to the frame memories 32, 34, and 36 are 
adapted to convert a progressively scanned digital video 
signal input at a frame rate of 60 Hz to an interlaced 
digital video signal output at a field rate of 60 Hz. The 
conversion from frame structure to field structure takes 
place when the signal is written into the frame memo- 
ries. 

The memory control circuit 56 generates control 
signals as follows. Upon receiving a VGA vertical syn- 
chronizing signal from the first synchronization detector 
52, the memory control circuit 56 decides whether the 
video data that lollow will become an even field or an 
odd field. This decision can be made by having each 
VGA vertical synchronizing signal toggle an even/odd 
flag. If the decision is an odd field, the memory control 
circuit 56 generates control signals to write the odd- 
numbered scanning lines into the frame memories 32, 
34, and 36. If the decision is an even field, the memory 
control circuit 56 generates control signals to write the 
even-numbered scanning lines into the frame memories 
32, 34, and 36. The memory control circuit 56 differen- 
tiates between even- and odd-numbered lines by count- 
ing the VGA horizontal synchronizing signals received 
from the first synchronization detector 52. 

The frame memories 32, 34, and 36 therefore re- 
ceive and store the digital video data in an interlaced 
sequence: first odd-numbered scanning lines, then 
even-numbered scanning lines, then odd-numbered 
scanning lines, and so on. Each Irame memory 32. 34, 
and 36 has separates areas for storing two fields of dig- 
ital video data, an even field and an odd field. One of 
the control signals output from the memory control cir- 
cuit 56, which can be generated from the above-men- 
tioned even/odd flag, switches between these two fields. 
The memory control circuit 56 also provides address 
signals and write enable signals, which are generated 
from the horizontal and vertical synchronizing signals 
received from the first synchronization detector 52 and 
the clock signals received from the first PLL circuit 54. 



Only the values of pixels in the VGA picture area are 
stored in the frame memories; values in the horizontal 
and vertical blanking intervals are not stored. 

From the television synchronizing signal received 
s at input terminal 16, the second synchronization detec- 
tor 58 detects horizontal and vertical synchronizing sig- 
nals, decides whether the field following each vertical 
synchronizing signal is an even or odd field, and gener- 
ates an even/odd field decision signal. From the hori- 
10 zontal synchronizing signals detected by the second 
synchronization detector 58, the second PLL circuit 60 
generates luminance and chrominance clock signals, 
the chrominance clock having half the frequency of the 
luminance clock. The luminance clock is supplied to D/ 
is A converter 38. The chrominance clock is supplied to D/ 
A converters 40 and 42. Both clocks are supplied to the 
memory control circuit 56, together with the horizontal 
and vertical synchronizing signals and even/odd field 
decision signal from the second synchronization detec- 
20 tor 58. The second synchronization detector 58 also 
sends the horizontal and vertical synchronizing signals 
and even/odd field decision signal to the synchronizing 
signal adding circuit 44 and chroma encoder 48. 

Using the horizontal and vertical synchronizing sig- 
2S nals and even/odd field decision signal received from 
the second synchronization detector 58, and the clock 
signals received from the second PLL circuit 60, the 
memory control circuit 56 generates read control signals 
lor the frame memories 32, 34, and 36. These read con- 
30 trol signals include address signals, read enable sig- 
nals, and signals that select the even or odd field of 
stored video data. In response to these signals, the 
frame memories 32, 34, and 36 output the stored digital 
video data in an interlaced scanning sequence. 
35 The D/A converters 38, 40, and 42 convert the in- 
terlaced digital video signals output from the frame 
memories 32, 34, and 36 to interlaced analog video sig- 
nals. To the interlaced analog luminance signal Y output 
by D/A converter 38, the synchronizing signal adding cir- 
40 cuit 44 adds horizontal and vertical synchronizing puls- 
es generated from the horizontal and vertical synchro- 
nizing signals and even/odd field decision signal re- 
ceived from the second synchronization detector 58. 
The synchronizing signal adding circuit 44 also inserts 
45 additional signal segments as necessary in the horizon- 
tal and vertical blanking intervals. 

The chroma encoder 48 uses the analog color dif- 
ference signals R - Y and B - Y received from D/A con- 
verters 40 and 42 to modulate a color subcarrier signal, 
so thereby creating the output chrominance signal C. The 
modulation is performed in synchronization with the hor- 
izontal and vertical synchronizing signals and even/odd 
field decision signal received from the second synchro- 
nization detector 58. 
55 The analog luminance and chrominance signals Y 
and C can be supplied from output terminals 46 and 50 
directly to a television set, or if necessary, they can be 
combined into a composite video signal and supplied to 
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the television set. 

There are two reasons why the first step in the scan 
conversion process is to convert the VGA red, green, 
and blue component signals to the luminance signal Y 
and color difference signals R - Y and B - Y, rather than 
to operate directly on the red, green, and blue compo- 
nent signals. 

The first reason concerns the ability of the human 
eye to detect flicker. The human visual sense is ex- 
tremely sensitive to luminance flicker, but is not very 
sensitive to flicker occurring in the color difference sig- 
nals. The inventors have carried out a computer simu- 
lation to evaluate the effect of removing flicker from the 
color difference signals, using the method employed in 
the deflickering circuit 30. It was found that the removal 
of flicker from the color difference signals was less no- 
ticeable than the attendant loss of vertical resolution. 
Removing flicker only from the luminance signal Y and 
not from the color difference signals R - Y and B - Y 
therefore helps to minimize the loss of vertical resolution 
in the scan conversion process, and the flicker remain- 
ing in the color difference signals has little effect on per- 
ceived picture quality. Furthermore, only one deflicker- 
ing circuit 30 is required to remove flicker from the lumi- 
nance signal Y, whereas three such circuits would be 
required to remove flicker from the VGA red, green, and 
blue component signals. 

The second reason concerns the sensitivity of the 
human eye to the color difference signals themselves. 
The human visual sense is extremely sensitive to 
changes in the luminance signal Y, but is not very sen- 
sitive to changes in the color difference signals. Thus 
the human eye is unable to detect that the bandwidth of 
the color difference signals R - Y and B - Y has been cut 
in half by the low-pass filters 20 and 22. This reduction 
of bandwidth enables A/D converters 26 and 28 to op- 
erate at half the luminance sampling rate, so that only 
half as much color-difference data is generated, and 
frame memories 34 and 36 require only half as much 
capacity for storing the data. The total size and cost of 
the scan conversion circuit is thus significantly reduced. 
Power consumption is also reduced, because of the re- 
duced chrominance clock rate. 

The first embodiment reduces flicker by removing 
luminance signal components simultaneously having 
high vertical and low horizontal spatial frequencies, 
without removing other luminance components, and 
without removing any perceptible chrominance informa- 
tion. The result is to eliminate most perceived flicker 
while retaining sufficient vertical resolution for most siz- 
es of text to be read, and much vertical detail to be seen. 
Computer simulation of the first embodiment shows that 
at a viewing distance equal to the height of the screen 
(1 H), there is some perceptible flicker, at slanted edges 
of characters in text, for example, but the flicker is con- 
fined to small areas. At a viewing distance equal to three 
times the height of the screen (3H), the flicker becomes 
imperceptible. 



The remaining flicker in the first embodiment comes 
from the horizontal-high -frequency -vertical-high-fre- 
quency signal Y HH , so this remaining flicker can be re- 
duced by attenuating the amplitude of the output of the 

5 horizontal high-pass filter 74. For example, the multipli- 
ers 100, 102, and 104 in FIG. 7 can be adapted to mul- 
tiply by -1/8, 1/4, and -1/8, thereby attenuating the output 
of the horizontal high-pass filter 74 by a factor of two. A 
separate amplitude converter can also be provided, as 

to will be described in the fifth embodiment. 

Second embodiment 

The second embodiment differs from the first only 
is in the internal structure and operation of the deflickering 
circuit 30. 

FIG. 9 shows the deflickering circuit 30 in the sec- 
ond embodiment, using the same reference numerals 
as in FIG. 5 for identical elements. The new elements 
20 in the second embodiment are a register 1 24, a subtrac- 
ter 126, an amplitude limiter 128, and an adder 130. 

FIG. 10 shows the input-output characteristic of the 
amplitude limiter 128, the horizontal axis representing 
input and the vertical axis representing output. For input 
25 values up to ±L, the output is identical to the input. For 
input values between ±L and ±M, the output remains 
constant at ±L, Beyond ±M, the output value decreases 
to zero. The output of the amplitude limiter 128 is thus 
limited to a maximum amplitude of ±L. Computer simu- 
30 lation indicates that if the value of the vertical high-fre- 
quency component V H output by adder 72 ranges from 
minus one hundred twenty-seven to plus one hundred 
twenty-eight, best results are obtained when L is be- 
tween about ten and twenty. 
35 The basic principle of the second embodiment is 
that the sensitivity of the human eye to flicker depends 
not only on the spatial extent of the flicker but also on 
the amplitude of the flicker. A video signal that flickers 
between black and white, for example, is much more 
40 irritating than one that flickers between two slightly dif- 
ferent shades of gray. Thus even wide-area flicker can 
be tolerated up to a limited flicker amplitude. 

Next the operation of the second embodiment will 
be described. The description will be confined to the op- 
45 eration of the deflickering circuit 30; other parts operate 
as in the first embodiment. 

Referring again to FIG. 9, the vertical high-frequen- 
cy signal V H output by adder 72 is input simultaneously 
to the horizontal high-pass filter 74 and register 1 24. As 
so explained earlier, there is a delay equivalent to one pixel 
between the input and output of the horizontal high-pass 
filter 74. Operating in synchronization with the clock sig- 
nal supplied from the first PLL circuit 54, register 124 
delays V H by an equal one-pixel amount. Subtractor 126 
ss subtracts the output of the horizontal high-pass filter 74 
from the output of register 1 24, thereby subtracting from 
the vertical high-frequency signal V H those components 
that are also high in horizontal spatial frequency, and 
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leaving the components that combine high vertical spa- 
tial Irequency with low horizontal spatial frequency. The 
output of subtractor 126, denoted V HL , corresponds to 
hatched regions 114 and 120 in FIG. 8. 

The amplitude limiter 128 limits the output of sub- 
tractor 126 as indicated in FIG. 10, thereby limiting the 
line-to-line amplitude of luminance fluctuations in the 
vertical direction in areas combining high vertical spatial 
frequency with low horizontal spatial frequency. Adder 
130 adds the output of the amplitude limiter 128 to the 
output of the horizontal high-pass filter 74, and supplies 
the resulting sum to adder 78, to be added to the output 
of register 76. The final output Yout of the deflickering 
circuit 30 accordingly contains all. luminance features 
with low vertical spatial frequencies or high horizontal 
spatial frequencies, and also, though with limited ampli- 
tude, luminance leatures combining high vertical spatial 
frequency with low horizontal spatial frequency. 

Compared with the first embodiment, the deflicker- 
ing circuit 30 in the second embodiment allows more 
flicker to pass through, but as the additional flicker is 
confined to small amplitude levels, the flicker is not read- 
ily perceived. Moreover, vertical fine detail which would 
be lost in the first embodiment is preserved, although in 
a generally muted form, in the second embodiment. 

Computer simulations indicate that the second em- 
bodiment gives results generally similar to the first em- 
bodiment, perceived flicker being confined to small ar- 
eas such as the slanted parts of characters in text, and 
becoming imperceptible at a distance equal to three 
screen heights. There is a noticeable improvement, 
however, in the visibility of vertical detail and the legibil- 
ity of text. 

The amplitude limiter 128 in the second embodi- 
ment is not restricted to the type of characteristic shown 
in FIG. 10. It may have, for example, the characteristic 
shown in FIG. 11, which simply limits the output to a 
maximum amplitude of ±L. Specifically, the output value 
is identical to the input value up to ±L, and remains con- 
stant at ±L when the input value exceeds ±L. Computer 
simulation indicates that the characteristic in FIG. 11 
leads to slightly better vertical resolution than the char- 
acteristic in FIG. 10. 

The amplitude limiter 128 may also be adapted to 
operate with a plurality of limiting characteristics, which 
can be selected by a control signal. The control signal 
may be provided from a manual control device, so that 
the user can adjust the flicker according to the viewing 
distance. Alternatively, the control signal may be provid- 
ed from the computer that provides the input VGA video 
signal, allowing the computer to recognize the size of 
characters in the display and adjust the vertical resolu- 
tion accordingly. Yet another alternative will be de- 
scribed in the fifth embodiment. 

Third embodiment 



The third embodiment differs from the first embod- 



iment only in the internal structure and operation ol the 
deflickering circuit 30. 

FIG. 1 2 shows the deflickering circuit 30 in the third 
embodiment, using the same reference numerals as in 
s FIG. 5 for identical elements. The first vertical low-pass 
filter 68 and horizontal high-pass filter 74 are the same 
as in the first embodiment, but their positions have been 
interchanged, and the position of register 76 has been 
moved accordingly. In addition, the line memory 70 of 
10 the first embodiment has been replaced by a second 
vertical low-pass filter 132. 

The horizontal high-pass filter 74 produces a hori- 
zontal high-frequency signal H H containing signal com- 
ponents with high horizontal spatial frequency, irrespec- 
is tive ol their vertical spatial frequencies. Subtractor 72 
now subtracts H H from Yin to produce a horizontal low- 
frequency signal H L containing signal components with 
low horizontal spatial frequencies. 

FIG. 13 shows the internal structure of the second 
20 vertical low-pass filter 132. The second vertical low- 
pass filter 132 has an input terminal 134 for receiving 
the horizontal high-frequency signal H H , an output ter- 
minal 1 36 coupled to adder 78 in FIG. 1 2, two line mem- 
ories 1 38 and 140 that delay H H by one line each, three 
2S multipliers 1 42, 1 44, and 1 46 that multiply the input and 
output of line memory 1 38 and the output of line memory 
140 by factors of 0.2, 0.6, and 0.2, respectively, and an 
adder 1 47 that adds the outputs of multipliers 1 42, 1 44, 
and 146 and provides their sum to output terminal 136. 
30 The line memories 1 38 and 1 40 are controlled by signals 
received from the memory control circuit 56 at input ter- 
minal 64. As can be seen by comparing FIGs. 6 and 1 3, 
the structure of the second vertical low-pass filter 132 
is the same as the structure of the first vertical low-pass 
35 filter 68 except for the values of the multiplier coeffi- 
cients. 

FIG. 14 shows the frequency characteristic of the 
first vertical low-pass filter 68, and the mathematical for- 
mula for this characteristic. The horizontal axis indicates 
40 vertical spatial frequency; the vertical axis indicates am- 
plitude. Cross-hatching indicates the region 148 of re- 
maining flicker. The first vertical low-pass filter 68 com- 
pletely eliminates the vertical spatial frequency corre- 
sponding to 525/2 cpH in the center of this region 148, 
45 and strongly attenuates other spatial frequencies in re- 
gion 148. 

FIG. 15 shows the frequency characteristic of the 
second vertical low-pass filter 132, and the mathemati- 
cal formula for this characteristic. The horizontal axis in- 
50 dicates vertical spatial frequency, and the vertical axis 
indicates amplitude. Cross-hatching again indicates the 
region of remaining flicker 149. This characteristic has 
the same general shape as the one in FIG. 14, but the 
second vertical low-pass filter 1 32 attenuates all vertical 
55 frequencies by a lesser amount than does the first ver- 
tical low-pass filter 68, and therefore reduces flicker less 
than does the first vertical low-pass filter 68. 

FIG. 1 6 shows the two-dimensional spatial f requen- 
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cy plane and illustrates the principle of operation of the 
third embodiment. The horizontal and vertical axes the 
same meaning as in FIG. 3. The hatched area 150 rep- 
resents 1 eat u res with low horizontal spatial frequencies. 
If these features flicker, the flicker occurs over a hori- 
zontally wide area, so the flicker is obvious and irritating. 
Thenon-hatched area 1 52 represents features with high 
■ horizontal spatial frequencies, in which flicker is less 
perceptible. 

The third embodiment reduces flicker in both areas 
150 and 152, but with different vertical low-pass filters, 
so that flicker is reduced more in area 1 50 than in area 
1 52. The first vertical low-pass filter 68 is used to reduce 
the readily perceptible flicker in area 150. The second 
vertical low-pass filter 132 is used to reduce the less 
perceptible flicker in area 152. This arrangement ena- 
bles perceptible flicker to be eliminated almost com- 
pletely, while still retaining enough vertical resolution to 
show small vertical features. 

Next the operation of the third embodiment will be 
described. The description will be confined to the oper- 
ation of the deflickering circuit 30, since other elements 
operate as in the first embodiment. 

Referring again to FIG. 12, the digital luminance sig- 
nal Yin received at input terminal 62 is supplied to the 
horizontal high-pass, filter 74 and register 76. The hori- 
zontal high-pass filter 74 rejects low horizontal spatial 
frequencies (area 150 in FIG. 16), and outputs the hor- 
izontal high-frequency signal H H (which contains the 
horizontal spatial frequencies in area 152 in FIG. 16) 
with a one-pixel delay. Register 76 provides an equiva- 
lent delay. Subtracter 72 subtracts the output of the hor- 
izontal high-pass filter 74 from the output of register 76 
to produce the horizontal low-frequency signal H L , 
which contains the frequency components in the 
hatched area 150 in FIG. 16. 

These signals H L and H H are input to the first verti- 
cal low-pass filter 68 and second vertical low-pass filter 
132, respectively. Operating as indicated by the fre- 
quency characteristics in FIGs. 14 and 15, the first ver- 
tical low-pass filter 68 strongly attenuates the high ver- 
tical spatial frequencies in the hatched region 150 in 
FIG. 1 6, while the second vertical low-pass fitter 1 32 at- 
tenuates high vertical spatial frequencies in region 152 
less strongly. Adder 78 adds the outputs of vertical low- 
pass filters 68 and 1 32 to produce the filtered luminance 
signal Yout supplied to output terminal 66. 

Although the third embodiment performs horizontal 
high-pass filtering and vertical low-pass filtering in the 
reverse of the order in the first embodiment, the resulting 
attenuation of signal components combining high verti- 
cal spatial frequency with low horizontal spatial frequen- 
cy is the same as in the first embodiment. Since the third 
embodiment also attenuates signal components with 
high vertical and high horizontal spatial frequencies, 
flicker is reduced to a greater extent than in the first em- 
bodiment; the small-scale flicker which remained in the 
first embodiment is substantially imperceptible in the 



third embodiment. Since the attenuation of high-vertical- 
high -horizontal spatial frequencies is less than the at- 
tenuation of high-vertical-low-horizontal spatial fre- 
quencies, however, more vertical resolution remains 

s than if all high vertical spatial frequencies were filtered 
by the first vertical low-pass filter 68. 

The third embodiment is not restricted to the fre- 
quency characteristics shown in FIGs. 14 and 15. These 
characteristics can be modified by altering the multiplier 

to coefficients, for example, or providing additional filter 
taps (additional line memories and multipliers). Non-lin- 
ear filters with amplitude I im iters similar to the amplitude 
limiter 128 in the second embodiment can also be used. 
In general, any type of low-pass filter can be used, as 

is long as the first vertical low-pass filter 68 attenuates 
high vertical spatial frequencies more strongly than 
does the second vertical low-pass filter 132. 

The third embodiment can also be modified by di- 
viding the two-dimensional spatial frequency plane into 

20 more than two regions. A pair of horizontal spatial filters 
can be used to obtain three signals with high, medium, 
and low horizontal spatial frequencies, for example, and 
a different vertical low-pass filter can be provided for 
each. The low horizontal spatial frequencies should then 

25 f receive the strongest flicker attenuation, and the highest 
horizontal spatial frequencies should receive the least 
flicker attenuation. 

Fourth embodiment 

30 

The fourth embodiment also differs from the first 
embodiment only in the internal structure and operation 
of the deflickering circuit 30. 

FIG. 17 shows the deflickering circuit 30 in the 

35 fourth embodiment, using the same reference numerals 
as in FIG. 5 for the input and output terminals 62, 64, 
and 66. The deflickering circuit 30 in the fourth embod- 
iment has a single vertical high-low separation filter 1 54 
comprising two line memories 156 and 158, three mul- 

40 tipliers 160, 162, and 164, two adders 166 and 168, and 
asubtractor 170. Subtracter 170 outputs a vertical high- 
frequency signal V H to an amplitude limiter 171, which 
is controlled by a direct-current detector 172. Adder 168 
outputs a vertical low-frequency signal V L to another 

45 adder 173, which adds V L to the output of the amplitude 
limiter 171 and supplies the resulting filtered luminance 
signal Yout to output terminal 66. 

FIG. 1 8 shows the structure of the direct-current de- 
tector 172. The luminance signal Yin is received at an 

50 input terminal 174 and supplied to an averaging circuit 

175 and a delay circuit 176. The averaging circuit 175 
takes the average of the luminance signal Yin over a 
certain number of horizontally adjacent pixels. A sub- 
tractor 1 77 subtracts the average value obtained by the 

55 averaging circuit 1 75 from the output of the delay circuit 

1 76 and outputs their difference Y E to a comparator 1 78 
that generates a control signal S at an output terminal 
179. 
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The fourth embodiment operates on the principle, 
mentioned earlier, that the human visual sense per- 
ceives high-amplitude flicker more readily than low-am- 
plitude flicker Perceived flicker in the fourth embodi- 
ment is accordingly reduced by limiting the amplitude of 
high-frequency vertical luminance fluctuations. In areas 
with only very low horizontal spatial frequencies, where 
the luminance level is substantially constant in the hor- 
izontal direction and flicker would be most noticeable, 
high-frequency vertical luminance fluctuations are not 
only limited but reduced to zero. 

Areas of horizontally constant luminance level are 
areas in which, in each horizontal scanning line, the lu- 
minance signal has a direct-current or DC character. 
The term "DC-like* will be used below to mean "substan- 
tially constant in luminance level in the horizontal direc- 
tion." . M . 

Next the operation of the deflickering circuit 30 in 
the fourth embodiment will be described. Other ele- 
ments of the fourth embodiment operate as in the first 
embodiment. 

Referring again to FIG. 17, the line memories 156 
and 158 and multipliers 160, 162, and 164 operate in 
the same way as the line memories 80 and 82 and mul- 
tipliers 84, 86, and 88 in the first vertical low-pass filter 
68 of the preceding embodiments, shown in FIG. 6. The 
two adders 166 and 168 take the sum of the outputs of 
all three multipliers 160, 162, and 164, so the vertical 
low-frequency signal V L output by the vertical separa- 
tion fitter 154 in the fourth embodiment is identical to the 
vertical low-frequency signal V L output by the first ver- 
tical low-pass filter 68 in the first embodiment. 

Subtractor 170 subtracts the sum of the outputs of 
multipliers 160 and 164 from the output of multiplier 162. 
The line memories 156 and 158, multipliers 160, 162, 
and 164, adder 166, and subtractor 170 function as a 
vertical high-pass filter in the same way that the regis- 
ters 96 and 98, multipliers 100, 102, and 104, and adder 
106 functioned as a horizontal high-pass filter in FIG. 7. 
The signal V H output by subtractor 170 is complemen- 
tary to the signal V L output by adder 168 in that if V H 
and V L are added together, the result is identical to the 
luminance signal Yin received at input terminal 62 (with 
a one-line delay). The vertical high-frequency signal V H 
output by the vertical separation filter 154 is therefore 
identical to the high-frequency signal V H obtained by the 
subtractor 72 in FIG. 5 in the first embodiment. 

Referring to FIG. 1 B, the averaging circuit 1 75 takes 
the average of, for example, five consecutive samples 
of the luminance signal Yin. The delay circuit 1 76 delays 
Yin by a corresponding amount, three samples for ex- 
ample, so that the subtractor 177 obtains the difference 
between the average value obtained by the averaging 
circuit 1 75 and, prelerably, the middle (e.g. third) sample 
value among the sample values averaged by the aver- 
aging circuit 1 75. The comparator 1 78 compares the ab- 
solute value of this difference Y E with a positive thresh- 
old value p, activates the control signal S at output ter- 



minal 179 when - p <S Y E £ p, and de-activates S when 
Y E <-porp<Y E . 

Control signal S will accordingly be active in those 
portions of a horizontal scanning line in which the lumi- 
5 nance level is substantially constant, or is changing at 
a substantially constant rate. 

The averaging circuit 1 75 is not limited to taking the 
average of five consecutive samples. Other numbers of 
samples can be used. 
10 FIG. 19 shows the input-output characteristics of 
the amplitude limiter 171, input being indicated on the 
horizontal axis and output on the vertical axis. The am- 
plitude limiter 171 is adapted to operate with two input- 
output characteristics, which are selected by the control 
is signal S from the direct-current detector 172. 

The first characteristic 180, which is selected when 
the control signal S is inactive, is similar to the charac- 
teristic of the amplitude limiter 128 in the second em- 
bodiment, the output value being limited to the range 
20 between -L and +L and equal to the input value within 
that range. 

The second characteristic 181, which is selected 
when the control signal S is active, limits the output val- 
ue to zero, regaYdless of the input value. 
25 By adding V L to the output of the amplitude limiter 
171, adder 173 restores all frequency components of 
the luminance signal Y, except that the amplitude of lu- 
minance fluctuations having high vertical spatial fre- 
quency has been limited. Also, in areas with a flat lumi- 
30 nance gradient in the horizontal direction, the vertical 
high-frequency signal V H is completely removed, in- 
stead of just being limited. 

Compared with the second embodiment, the fourth 
embodiment reduces flicker to a lower level in areas of 
35 high horizontal spatial frequency by limiting the ampli- 
tude of V H in these areas (the second embodiment lim- 
ited V H only in areas of low horizontal spatial frequency). 
One result is that the flicker at slanted edges of charac- 
ters noted in the second embodiment is greatly reduced. 
40 In areas of low horizontal spatial frequency, the 
fourth embodiment identifies the lowest horizontal spa- 
tial frequencies, which have DC-like characteristics, and 
reduces V H to zero in those areas. As a result, in other 
areas of low horizontal spatial frequency, the amplitude 
45 of V H does not have to be limited as severely as in the 
second embodiment. The value of the parameter L in 
the fourth embodiment can be higher than in the second 
embodiment, although L is still preferably in the range 
from about ten to about twenty. 
so In displays of charts and tables, the fourth embod- 
iment reduces flicker more than the second embodiment 
does, both in areas of text, where V H is limited, and at 
horizontal dividing or boundary lines, by where V H is 
held to zero. This makes such displays easier to look at, 
55 although the text may appear fainter than in the second 
embodiment. 

An advantage of the fourth embodiment, as com- 
pared with the second embodiment, is that it requires 
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less hardware. The vertical separation fitter 154 in the 
fourth embodiment is functionally equivalent to the com- 
bination of the first vertical low-pass filter 68, line mem- 
ory 70, and subtractor 72 in the first embodiment. If com- 
pared with this combination, the vertical separation filter 
1 54 can be seen to require one more subtractor but one 
less line memory. A subtractor, which only has to oper- 
ate on two luminance values, has far lewer circuit ele- 
ments than a line memory, which must store an entire 
scanning line of luminance values. 

This advantage can be transferred to the first and 
second embodiments, and to other embodiments that 
follow, by substituting the vertical separation filter 154 
of the fourth embodiment for the combination of the first 
vertical low-pass filter 68, line memory 70, and subtrac- 
tor 72 in those other embodiments. 

The fourth embodiment is not restricted to the pair 
of amplitude limiting characteristics illustrated in FIG. 
1 9. Another pair of limiting characteristics which can be 
employed effectively will be described in the sixth em- 
bodiment. The amplitude limiter 171 may also operate 
with more than two limiting characteristics, which the 
comparator 178 can select by comparing the difference 
output by subtractor 177 with two or more threshold val- 
ues. 

Fifth embodiment 

The fifth embodiment also differs from the first em- 
bodiment only in the internal structure and operation of 
the deflickering circuit 30. 

FIG. 20 shows the deflickering circuit 30 in the fifth 
embodiment, using the same reference numerals as in 
FIG. 9 for elements that are the same as in the second 
embodiment. The additional elements in the fifth em- 
bodiment are the amplitude limiter 171 of the fourth em- 
bodiment, an amplitude converter 182 inserted between 
the horizontal high-pass filter 74 and adder 130, and a 
direct-current detector 183 that controls the amplitude 
limiter 171 . The signals V L , V H , Y HH , and V HL have the 
same values as in the second embodiment. 

FIG. 21 shows the input-output characteristic of the 
amplitude converter 182, input being indicated on the 
horizontal axis and output on the vertical axis. The am- 
plitude converter 182 multiplies all input values by a con- 
stant value of 0.5, thereby reducing the amplitude of lu- 
minance fluctuations with high vertical and high horizon- 
tal spatial frequencies by one-half. 

Next the operation of the deflickering circuit 30 in 
the fifth embodiment will be described with reference to 
FIGs. 20 and 21 , omitting a description of the elements 
in the deflickering circuit 30 that operate in the same 
way as in the second and fourth embodiments. These 
elements include the first vertical low-pass filter 68, line 
memory 70, horizontal high-pass filter 74, registers 76 
and 124, subtractor 72, adders 78 and 130, and limiter 
171. 

The output Y HH of the horizontal high-pass fitter 74, 



representing luminance fluctuations with high horizontal 
and high vertical spatial frequency, is processed by the 
amplitude converter 182 so as to reduce the amplitude 
of these luminance fluctuations by a factor of 0.5, as in- 
s dicated in FIG. 21. The effect is to make small-scale 
flicker less noticeable by reducing the amplitude of the 
flicker. 

The output Y HH of the horizontal high-pass filter 74 
is also supplied to the direct-current detector 183. The 
10 direct-current detector 183 compares Y H h with a fixed 
threshold value a. If - a < Y HH < a, the luminance signal 
Yin is considered to be of a DC nature in either the ver- 
tical or horizontal direction, and the control signal S is 
activated. If Y HH < - a, or if a < Y HH , the control signal 
is S is made inactive. Computer simulations indicate that 
if Y HH varies from minus one hundred twenty-seven to 
plus one hundred twenty-eight, good results are ob- 
tained when a is between one and three. 

The amplitude limiter 171 operates as in the fourth 
20 embodiment, limiting V H to a maximum amplitude of ±L 
when control signal S is inactive, and to zero when S is 
active. When the control signal S is active because Yin 
is substantially constant or DC-like in the vertical direc- 
tion, V H is close to zero to begin with, so V HL is close to 
25 zero, and reducing V HL to zero has little noticeable ef- 
fect. When the control signal S is active because Yin is 
substantially constant in the horizontal direction, reduc- 
ing V HL to zero prevents the type of flicker that occurs 
at horizontal dividing lines in tables and charts, as in the 
30 fourth embodiment. 

The filtered luminance signal Yout output by the de- 
flickering circuit 30 in the fifth embodiment is similar to 
Yout in the fourth embodiment in that flicker reduction is 
applied to all high vertical spatial frequencies. The dif- 
35 ference is that whereas the fourth embodiment used 
amplitude limiting in areas of high horizontal spatial fre- 
quency, the fifth embodiment employs amplitude atten- 
uation by a constant factor of one-half. In text displays 
where there is a large difference between the luminance 
40 levels of the text and background, as when dark text is 
displayed on a light background or vice versa, the fifth 
embodiment reduces the luminance difference less than 
did the fourth embodiment, making the text more read- 
able. 

45 As a variation of the fifth embodiment, the amplitude 
converter 182 can employ a non-linear amplitude mod- 
ification characteristic, instead of the linear characteris- 
tic shown in FIG. 21. As another variation, instead of 
reducing the Y HH amplitude, the amplitude converter 
so 1 82 can increase the Y HH amplitude in order to enhance 
vertical resolution, although this will make small-scale 
flicker more noticeable. As yet another variation, the am- 
plitude converter 182 can be provided with a plurality of 
amplitude modification characteristics, which can be se- 
55 lected by the user or by the computer according to pic- 
ture content. For example, the amplitude converter 182 
can be adapted to multiply the Y HH values by two in or- 
der to enhance vertical resolution, by one-hatf in order 
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to reduce flicker, or by unity when neither ot these effects 
is required. 

Variations in the amplitude limiter 171 and direct- 
current detector 183 are also possible. The amplitude 
limiter 171 can be provided with more than two limiting 
characteristics, which are selected by the direct-current 
detector 183 by comparing Y HH with a plurality of thresh- 
old values. To speed up the comparison process, in- 
stead of comparing Y HH with positive and negative 
threshold limits (e.g. with - a and a as described above), 
the direct-current detector 183 can take the absolute 
value of Y HH (IY H H')and compare IY HH I only with posi- 
tive threshold values (e.g. a). 

The direct-current detector 183 may also detect 
horizontally DC-like signals by testing the luminance 
signal Yin received at input terminal 62, as in the fourth 
embodiment, or by testing the vertical high-frequency 
signal V H output from subtracter 72, instead of testing 
Y HH * Tne condition by which DC-like signals are detect- 
ed may be more complex than simple comparison with 
a threshold value. The direct-current detector 183 may 
be a microcontroller or other computing device pro- 
grammed to test such more complex conditions. 

Sixth embodiment 



The sixth embodiment also differs from the first em- 
bodiment only in the internal structure and operation of 
the deflickering circuit 30. 

FIG. 22 shows the deflickering circuit 30 in the sixth 
embodiment, using the same reference numerals as in 
FIG. 20 to denote elements corresponding to elements 
in the fifth embodiment. The sixth embodiment differs 
from the fifth embodiment in that the deflickering circuit 
30 has no amplitude converter 182, the horizontal high- 
pass filter 74 of the fifth embodiment is replaced by a 
horizontal low-pass filter 184, and the amplitude limiter 
185 operates differently from the amplitude limiter 171 
in the fifth embodiment. 

Although the preceding embodiments reject fre- 
quency components in areas 1 14 and 120 in FIG. 8, the 
rejection is not complete. The first vertical low-pass filter 
68 has the characteristic shown in FIG. 14, which per- 
mits flicker-causing vertical spatial frequencies to re- 
main to the extent indicated by the hatched region 148. 
The amplitude limiter 1 85 is adapted to cancel out these 
remaining flicker components when a DC-like signal is 
detected. 

The output V HL of the horizontal low-pass filter 184 
has the same value as V HL in the fifth embodiment. A 
subtracter 186 subtracts V HL from V H , with a one-pixel 
delay of V H in register 124 to synchronize the two sig- 
nals. The resulting difference Y HH has the same value 
as Y HH in the fifth embodiment. 

FIG. 23 shows the structure of the horizontal low- 
pass filter 1 84. The signal V H is received at an input ter- 
minal 188, stored in a first register 190, then passed to 
a second register 1 92. The input to the first register 1 90, 



the output from the first register 1 90, and the output from 
the second register 1 92 are furnished to respective mul- 
tipliers 194, 196, and 198, and multiplied by respective 
weighting coefficients of 1/4, 1/2, and 1/4. The outputs 
s of the multipliers 194, 196, and 198 are added by an 
adder 200 and provided to an output terminal 202. The 
signal output at terminal 202 is V HL . 

The direct^current detector 1 83 operates in the sixth 
embodiment as in the fifth embodiment, by comparing 
io Y HH with a threshold a, and detecting a DC-like signal 
and activating the control signal S when - a < Y HH < a. 
Computer simulation indicates that if Y HH varies be- 
tween minus one hundred twenty-seven and plus one 
hundred twenty-eight, best results are obtained when 
is the value of a is about three. 

As in the fifth embodiment, the amplitude limiter 185 
receives V HL and operates with two limiting character- 
istics which are selected by the control signal S. These 
limiting characteristics differ from the limiting character- 
20 istics of the amplitude limiter 171 in the fifth embodi- 
ment. 

FIG. 24 shows the characteristic selected when the 
control signal S is inactive. Input values are indicated 
on the horizontal axis, and output values on the vertical 
25 axis. Input values with absolute values of ten or less are 
output without alteration. Input values with absolute val- 
ues from ten to thirty-two are limited to an output value 
of ten . Input values with absolute values higher than thir- 
ty-two are limited to zero. 
30 FIG. 25 shows the characteristic selected when the 
control signal S is active, again with input on the hori- 
zontal axis and output on the vertical axis. Input values 
with absolute values of ten or less are limited to zero. 
Input values from minus one-hundred twenty-eight to 
35 minus ten are output as values from 11 .8 to zero, ac- 
cording to the following lormula, thereby reversing the 
sign of the V HL signal. 



Output = -0.1 x (input + 10) 

40 

Input values from ten to one-hundred twenty-eight are 
output as values from zero to -11 .8 according to the fol- 
lowing formula, again reversing the sign of the V HL sig- 
45 nal. 

Output = -0.1 x (input - 10) 

so Adders 1 30 and 78 add the output of the amplitude 
limiter 1 85 to the signals V L and Y HH output from register 
76 and subtractor 186 to create the filtered luminance 
signal Yout. 

The operation of the sixth embodiment will next be 
ss described for two cases. 

Referring to FIG. 26, the first case is that of a signal 
which is DC-like in the horizontal direction but has a lu- 
minance step transition in the vertical direction. The 
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black dots at the top ot FIG. 26 represent seven verti- 
cally adjacent pixels, the first three having a luminance 
value of zero and the second four having a. luminance 
value of sixty-four. The first vertical low-pass filter 68 
converts this step-like vertical Yin waveform to the 
smoother V L waveform. Subtractor 72 obtains the V H 
waveform shown below. The signal is by assumption 
DC-like in the horizontal direction, so V HL is identical to 
V H and Y HH (not shown) is zero. The direct-current de- 
tector 183 compares Y HH with a and activates control 
signal S. Operating with the characteristic shown in FIG. 
.25, the amplitude limiter 171 reduces V HL to the Y UM 
waveform shown at the bottom of FIG. 26. 

The output waveform Yout is the sum of V L , Y UM , 
and Y H h (which is zero). Due to the reversal of the sign 
of Y LIM , Yout rises from a luminance level of zero to a 
luminance level of sixty-four even more gradually than 
does V L . Flicker is removed substantially completely. 
Referring again to FIG. 14, which shows the spatial fre- 
quency characteristic of the first vertical low-pass filter 
68 that produces V L , the reversal of the sign of V HL has 
removed the residual flicker in region 148. 

Referring to FIG. 27, the second case is that of a 
signal which has the same vertical luminance step tran- 
sition, but is not DC-like in the horizontal direction. Yin, 
V L , and V H are the same as in FIG. 26, but the amplitude 
limiter 171 now operates with the characteristic shown 
in FIG. 24, so Y L1M resembles a truncated version of V H . 
The exact shape of the Y UM waveform depends on the 
V HL waveform (not shown), which is no longer identical 
to V H because Y HH (also not shown) is no longer zero, 
but in any case, the sum of V L , Y LIM , and Y HH differs 
from the input waveform Yin only to the extent that Y UM 
differs from V HL , so a Yout waveform like the one shown 
is obtained. The transition from zero to sixty-tour in this 
Yout waveform takes place with nearly the same abrupt- 
ness as the transition in the input waveform Yin. There 
is accordingly substantially no loss of vertical resolution. 

Computer simulation shows that in scan conversion 
of computer-generated tables and chart, the sixth em- 
bodiment can almost completely remove the residual 
flicker associated with horizontal lines, while maintain- 
ing excellent legibility of small text. 

Seventh embodiment 

The seventh embodiment also differs from the first 
embodiment only in the internal structure and operation 
of the deflickering circuit 30. 

FIG. 28 shows the deflickering circuit 30 in the sev- 
enth embodiment. The first vertical low-pass filter 68, 
line memory 70, subtractor 72, adder 78, and amplitude 
limiter 185 are the same as in the sixth embodiment, 
except that the amplitude limiter 185 operates directly 
on the vertical high-frequency signal V H output by the 
subtractor 72. The limiting characteristics of the ampli- 
tude limiter 185 are the characteristics shown in FIGs. 
24 and 25. The control signal S that selects these char- 
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acteristics is generated by the direct-current detector 
172 employed in the fourth embodiment, which receives 
the delayed luminance signal Yin output from line mem- 
ory 70. 

5 A detailed description of the seventh embodiment 
will be omitted, as all elements of the seventh embodi- 
ment have been described in preceding embodiments. 

The operation of the seventh embodiment is gener- 
ally similar to the operation of the sixth embodiment, ex- 
10 cept that the amplitude limiter 185 operates on the entire 
vertical high-frequency component V H , instead of just 
the horizontal low-frequency part. Flicker is therefore re- 
moved more completely than in the sixth embodiment. 
When the direct-current detector 1 72 detects a horizon- 
is tally DC-like input signal Yin, the limiting characteristic 
in FIG. 25 is selected, and residual flicker is canceled 
out by a reversal of the sign of V H , as in the sixth em- 
bodiment. When the input signal Yin is not horizontally 
DC-like, the characteristic in FIG. 24 is selected, limiting 
20 the amplitude of the vertical high-frequency flicker. 

Eighth embodiment 

The eighth embodiment differs from the preceding 
25 embodiments in having a selectable enlargement mode. 
FIG. 29 shows the structure of the eighth embodi- 
ment, using the same reference numerals as in FIG. 4 
for identical elements. Descriptions of these elements 
will be omitted. Like the preceding embodiments, the 
30 eighth embodiment converts a progressively scanned 
VGA signal to an interlaced NTSC signal. The differenc- 
es between the eighth embodiment and the preceding 
embodiments concern the internal structure of the de- 
flickering circuit 220 and memory control circuit 222, an 
35 input terminal 224 at which the memory control circuit 
222 receives expansion information, and three horizon- 
tal interpolating circuits 226, 228, and 230 inserted be- 
tween the frame memories 32, 34, and 36 and D/A con- 
verters 38, 40, and 42. 
40 FIG. 30 shows the structure of the deflickering cir- 
cuit 220 in the eighth embodiment, using the same ref- 
erence numerals as in FIG. 21 for elements that are 
identical to elements in the sixth embodiment. In addi- 
tion to input terminals 62 and 64, the deflickering circuit 
45 220 has a third input terminal 232 for receiving a mode 
control signal from the memory control circuit 222 in FIG. 
29, and two output terminals 234 and 236. The vertical 
low-pass fitter 238 differs in internal structure from the 
first vertical low-pass filter 68 in the sixth embodiment, 
50 and provides outputs to a selector 240 as well as pro- 
viding the vertical low-frequency signal V L . The selector 
240 also receives the sum output by adder 78, and pro- 
vides output signals to the output terminals 234 and 236. 
Both output terminals 234 and 236 are coupled to frame 
55 memory 32. The other elements in FIG. 30 are identical 
to the corresponding elements in FIG. 22. 

FIG. 31 shows the internal structure of the vertical 
low-pass filter 238. The luminance signal Yin received 
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ar input terminal 62 is supplied to a cascaded pair of line 
memories 242 and 244. The input to line memory 242, 
the output from line memory 242, and the output from 
line memory 244 are supplied, respectively, to three 
multipliers 246, 248, and 250 and multiplied by 1/4. The 
output of line memory 242 is also supplied to a fourth 
multiplier 252 and multiplied by 1/2. A first adder 254 
adds the outputs of multipliers 246 and 248. A second 
adder 256 adds the outputs of multipliers 248 and 250. 
A third adder 258 adds the outputs of adders 254 and 
256. A fourth adder 260 adds the output of multiplier 252 
to the output of the first adder 254. A fifth adder 262 
adds the output of multiplier 252 to the output of the sec- 
ond adder 256. The sum obtained by adder 260 is pro- 
vided to a first output terminal 266. The sum obtained 
by adder 262 is provided to a second output terminal 
268. 

FIG. 32 shows the structure of the first horizontal 
interpolating circuit 226. The luminance signal read from 
the first frame memory 32 in FIG. 29 is received at an 
input terminal 270, while control signals from the mem- 
ory control circuit 222 are received at input terminals 272 
and 274. The signal received at input terminal 272 al- 
ternately selects the input luminance signal and an in- 
terpolated signal, as described below. The signal re- 
ceived at input terminal 274 selects a normal mode or 
an expanded mode. The output terminal 276 of the first 
horizontal interpolating circuit 226 is coupled to the first 
D/A converter 38 in FIG. 29. 

Input terminal 270 feeds the luminance signal into 
a cascaded pair of registers 278 and 280, each of which 
provides a one-pixel delay. An adder 282 adds the input 
of register 278 and the output of register 280, and a mul- 
tiplier 284 multiplies the resulting sum by 1/2. A first se- 
lector 286 selects either the output of register 278 or the 
output of multiplier 284, responsive to the signal re- 
ceived at input terminal 272. A second selector 288 se- 
lects either the output of the first selector 286 or the sig- 
nal input at terminal 270, responsive to the mode signal 
received at input terminal 274, and provides the select- 
ed signal to the output terminal 276. 

The other horizontal interpolating circuits 228 and 
230 are identical in structure to the first horizontal inter- 
polating circuit 226, although they operate on the color 
difference signals read from the second and third frame 
memories 34 and 36, and provide output to the second 
and third D/A converters 40 and 42. 

Next the concept behind the eighth embodiment will 
be briefly explained. 

The preceding embodiments reduced flicker, with 
comparatively little loss of vertical resolution, but some 
loss of vertical resolution inevitably occurs, so those em- 
bodiments are unable to preserve the legibility of the 
smallest sizes of computer-generated text. If such text 
is to be read after scan conversion, it must be expanded 
during the scan conversion process. The eighth embod- 
iment expands an arbitrary rectangular area having half 
the width and half the height of the screen, so that this 



area fills the screen. 

For reasons described earlier, expansion by direct 
interpolation from one field into another leads to flicker 
problems. The eighth embodiment accordingly operates ^ 
s as shown in FIG. 33. In step 290, the memory control 
circuit 222 determines, from the received expansion in- 
formation, whether expansion is required in the current 
frame. If expansion is required, in step 292 the memory 
control circuit 222 determines, from the expansion infor- 
10 mation, the location of the part of the original image that 
is to be expanded. 

The actual expansion process is carried out in steps 
294, 296, and 298. In step 294 vertical interpolation is 
performed to expand the height of the image, by using 
is the same pixel data for both even and odd fields. Next 
flicker is suppressed in step 296 by means of a vertical 
low-pass filter with three taps. In step 298, horizontal 
interpolation is performed to expand the width of the im- 
age, by interpolating average values. 
20 Where expansion is not carried out, the interpola- 
tion processes are bypassed and only a flicker-suppres- 
sion step 300 is carried out. 

Steps 294 and 296 are further illustrated in FIG. 34. 
The symbols a n . n , a n , and a n+1 represent three vertically 
25 adjacent input pixels in the same frame. In the vertical 
interpolation step 294, each input pixel value is copied 
to two pixel positions, one in an odd scanning line, and 
the other in the even scanning line just below. Input pix- 
els a n . v a n , and a^ thereby produce six vertically ad- 
30 jacent pixels. This step doubles the height of the ex- 
panded part of the image by doubling the number of 
scanning lines in that part. 

In the flicker suppression step 296, the vertically ex- 
panded image is filtered by a vertical low-pass filter with 
35 tap values of 1/4, 1/2, and 1/4. The value of the pixel in 
the n-th scanning line of the odd field then becomes (3a n 
+ a n . n )/4, while the value of the pixel in the n-th scanning 
line of the even field becomes (a n+1 + 3a n )/4. This filter- 
ing reduces flicker. 
40 In the horizontal interpolation step 298 in FIG. 33, 
the image resulting from the flicker suppression step 
296 is expanded horizontally by introducing a new pixel 
between each pair of horizontally adjacent pixels, the 
value of the new pixel being the average of the two hor- 
45 tzontally adjacent pixels. 

The operation of the eighth embodiment will next be 
described with reference to FIGs. 29 to 32. omitting de- 
scriptions of operations that are the same as in the first 
embodiment. 

50 From the VGA horizontal synchronizing signal re- 
ceived from the first synchronization detector 52 and the 
expansion information received from input terminal 224, 
the memory control circuit 222 generates read and write 
control signals for line memories 70, 242, and 244 in the 
55 deflickering circuit 220 and its vertical low-pass filter 
238, and generates signals that control selector 240 in 
the deflickering circuit 220 and the second selectors 288 
in the horizontal interpolating circuits 226, 228, and 230. 
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Th e line memories 70, 242, and 244 are FIFO memo- 
ries. The read and write control signals include line ad- 
dress reset signals, read and write enable signals, and 
read and write clock signals as in the first embodiment. 
From the VGA horizontal and vertical synchronizing sig- 
nals received from the first synchronization detector 52 
and the expansion information received from input ter- 
minal 224, the memory control circuit 222 also gener- 
ates write control signals for the f rame memories 32, 34. 
and 36. 

The digital luminance signal Yin received from AO 
converter 24 at input terminal 62 in FIG. 30 is supplied 
to the vertical low-pass filter 238 and line memory 70. 
Referring to FIG. 31 , in the vertical low-pass filter 238, 
this signal Yin is received by line memory 242 and mul- 
tiplier 246. After a one-line delay in line memory 242, 
the signal is passed to line memory 244 and multipliers 
248 and 252. After a further one-line delay in line mem- 
ory 244, the signal is passed to multiplier 250. Line 
memories 242 and 244 are controlled by read and write 
control signals received from the memory control circuit 
222 at input terminal 64. 

The symbols a^, a n , and a^ in FIG. 31 have the 
same meaning as in FIG. 34, representing three verti- 
cally adjacent pixels. From the multiplier coefficients 
and the interconnections of the multipliers and adders it 
can readily be seen that the vertical low-pass filter 238 
produces the value (a^., + 2a n + )/4 at output termi- 
nal 264, the value (a^ + 3a n )/4 at output terminal 266, 
and the value (3a„ + a n _.,)/4 at output terminal 268. The 
latter two values are provided from output terminals 266 
and 268 directly to the selector 240 in FIG. 30. 

The value (a^ + 2a n + a n+1 )/4 obtained at output 
terminal 264 is the same as the value output by the first 
vertical low-pass filter 68 (FIG. 6) in the sixth embodi- 
ment, denoted V L . The line memory 70, subtracters 72 
and 186, registers 76 and 124, adders 78 and 130, di- 
rect-current detector 183, horizontal low-pass filter 184, 
and amplitude limiter 185 are the same as in the sixth 
embodiment, so the output of adder 78 is the same as 
the filtered luminance signal Yout in the sixth embodi- 
ment. The output of adder 78 is supplied to selector 240. 

Further processing differs depending on whether 
expansion is or is not performed, so the two cases will 
be described separately. 

When scan conversion is performed without expan- 
sion, the memory control circuit 222 sends selector 240 
in FIG. 30 a normal mode signal causing selector 240 
to select the output of adder 78. As in the preceding em- 
bodiments, each frame memory 32, 34, and 36. stores 
two fields of data separately, an odd field and an even 
field, and the memory control circuit 222 generates a 
control signal selecting either the odd field or the even 
field. When the odd field is selected, this control signal 
causes selector 240 to route odd scanning lines of data 
output by adder 78 to output terminal234 in FIG. 30, 
and these scanning lines are written in the odd field in 
frame memory 32. When the even field is selected, this 



control signal causes selector 240 to route even scan- 
ning lines of data output by adder 78 to output terminal 
236, and these scanning lines are written in the even 
field in frame memory 32. 
s Color difference signal data are written in field mem- 
ories 34 and 36 as in the preceding embodiments. Data 
are also read from field memories 32, 34, and 36 as in 
the preceding embodiments. Referring to FIG. 32, the 
memory control circuit 222 sends selector 288 in the 
io three horizontal interpolating circuits 226, 228, and 230 
a normal-mode control signal causing selector 288 to 
select the data received at input terminal 270, so that 
these data pass through unaltered from input terminal 
270 to output terminal 276, as if the horizontal interpo- 
15 lating circuits 226, 228, and 230 were not present. 

From the above description it can be seen that when 
expansion is not performed, the eighth embodiment op- 
erates like the sixth embodiment. The data written in the 
frame memories 32, 34, and 36 in this case will be re- 
20 f erred to as normal image data. 

When expansion is performed, the memory control 
circuit 222 determines, from the expansion information 
received at input terminal 224, which part of the input 
image is to be expanded, and sends an expansion- 
's mode signal to the deflickering circuit 220. Referring to 
FIGs. 30 and 31, this signal causes selector 240 to se- 
lect the signals at output terminals 266 and 268 of the 
vertical low-pass filter 238 and route these signals to 
output terminals 236 and 234, respectively. Each hori- 
30 zontal scanning line input to the vertical low -pass filter 
238 thereby generates two output scanning lines: an 
odd scanning line at output terminal 234 and an even 
scanning line at output terminal 236. 

Within the area to be expanded, for the luminance 
35 signal, the memory control circuit 222 supplies write 
control signals and address signals that cause the data 
generated at output terminal 234 to be written in the odd 
field of frame memory 32, and the data generated at out- 
put terminal 236 to be written simultaneously in the even 
40 field of frame memory 32. For the color difference sig- 
nals, the memory control circuit 222 supplies write con- 
trol signals that cause each horizontal scanning line to 
be written simultaneously into both the even and odd 
fields of frame memories 34 and 36. That is, the color 
45 difference signals are interpolated by controlling the 
frame memories 34 and 36 so that the same horizontal 
scanning line data are written in both the even and odd 
fields. Data for pixels not appearing in the area being 
expanded are not written in the field memories 32, 34, 
so and 36. The memory control circuit 222 can generate 
the necessary write addresses by a counting process 
referenced to, for example, the top left comer of the ex- 
panded area. 

Within the expanded area, the luminance data are 
ss both expanded and filtered to reduce flicker. The color 
difference data are expanded but not filtered. As in the 
preceding embodiments, not filtering the color differ- 
ence data reduces the hardware requirements of the 
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scan conversion circuit, and chrominance flicker is not 
readily perceived by the human eye. 

The reading ol expanded image data from the frame 
memories 32, 34, and 36 also differs from the reading 
of normal image data. Pixel data not located in the area 
to be expanded are not read. In the expanded area, the 
read control signals generated by the memory control 
circuit 222 for the frame memories 32, 34, and 36 have 
half the frequency of the normal read signals. Referring 
to FIG. 32, when a luminance pixel is read from frame 
memory 32 into the horizontal interpolating circuit 226, 
it is simultaneously stored in register 278 and sent to 
adder 282. The previous pixel (horizontally adjacent to 
the left) is simultaneously moved from register 278 to 
register 280. Adder 282 and multiplier 284 obtain the 
average of the pixel value input to register 278 and the 
pixel value held in register 280. 

After the pixel has been read into register 278, the 
memory control circuit 222 first sends selectors 272 and 
274 control signals causing the output of multiplier 284 
to be selected. The average value of two adjacent pixels 
is thus sent from output terminal 276 to D/A converter 
38 

Next, while registers 278 and 280 continue to hold 
the same pixel values, the memory control circuit 222 
alters the control signal at input terminal 272 so that se- 
lector 286 selects the output of register 278, and the pix- 
el value held in register 278 is sent to output terminal 
276 and D/A converter 38. Each pixel input to the hori- 
zontal interpolating circuit 226 thus generates two out- 
put pixels. 

The above process is repeated for each pixel in the 
area that is being expanded, selector 286 selecting the 
outputs ol multiplier 284 and register 278 alternately. In 
this way the image is expanded by a factor of two hori- 
zontally, by horizontal average-value interpolation be- 
tween each pair of pixels in the original image. This does 
not produce flicker because the interpolated pixels are 
disposed in the same field as the original pixels. 

The color-difference signals are processed in the 
same way by horizontal interpolating circuits 228 and 
230, so that the chrominance signal is also expanded 
horizontally by interpolation of average values. 

In expansion mode, thef rame memories 32, 34, and 
36 need store only half of the pixel data for each hori- 
zontal scanning line. Performing horizontal interpolation 
after scan conversion thus has the effect of reducing the 
power consumption of the scan conversion circuitry, by 
reducing the number of read and write accesses to the 
frame memories 32, 34, and 36. 

The expansion information received at input termi- 
nal 224 can be generated by the computer in response 
to user commands. A typical use of the expansion func- 
tion is to let the user zoom in on a desired part of a dis- 
play. An expanded view of the entire display can be ob- 
tained by vertical and horizontal scrolling. By expanding 
the display, the eighth embodiment can greatly enhance 
the readability of text, while strongly suppressing flicker. 



The eighth embodiment has been described as tak- 
ing an arbitrary rectangular area with half the width and 
half the height of the original display, and expanding this 
area to fill the screen. It is also possible, however, to 
5 expand a smaller portion of the original display and re- 
place only part of the original image with the expanded 
image. This can be accomplished by suitable modifica- 
tion of the read, write, and mode control signals output 
by the memory control circuit 222. 
10 The eighth embodiment is not restricted to horizon- 
tal expansion by interpolation of average values. Gen- 
erally similar results can be obtained by stmpty repeat- 
ing each pixel value to generate two horizontally adja- 
cent pixels. 

is As described above, the invention improves the leg- 
ibility of computer-generated text in tables, charts, men- 
us, and the like while reducing the flicker caused by the 
horizontal dividing lines or boundary lines of these 
items, but the effect of the invention extends further. 
20 Without causing obvious flicker, the invention enhances 
the visibility of many types of vertical fine detail, includ- 
ing detail in pictorial images containing no text. 

The preceding eight embodiments have received a 
progressively scanned video signal input a frame at a 
25 time, but the invention can be adapted to reduce flicker 
in other types of video signals. For example, the input 
signal may be an interlaced video signal that was origi- 
nally progressively scanned, but has been converted 
from progressive to interlaced scanning without flicker 
30 reduction, then transmitted over a communication chan- 
nel or stored on a recording medium. This type of inter- 
laced video signal can be converted back to progressive 
scanning by a field-frame conversion circuit employing 
a memory device, then supplied to the deflickering cir- 
35 cuit of one of the preceding embodiments to remove 
flicker. 

FIGs. 35 and 36 show two examples of field-frame 
conversion circuits. 

In FIG. 35, an interlaced video signal is received, a 
40 field at a time, at an input terminal 310 and stored in a 
frame memory 31 2, from which a progressively scanned 
video signal is output at an output terminal 314. A sync 
separation circuit (not visible) separates synchronizing 
signals Irom the input video signal, identifies even and 
45 odd fields, and controls the addresses at which succes- 
sive scanning lines are stored in the frame memory 312 
in such a way as to convert the video signal from an 
interlaced structure to a progressively scanned struc- 
ture. The resulting progressively scanned video signal 
so is supplied from output terminal 314 to one of the em- 
bodiments described above, for deflickering and recon- 
version from progressive scanning to interlaced scan- 
ning. 

In FIG. 36, the interlaced video signal is received at 
55 an input terminal 310, temporarily stored in a field mem- 
ory 316, supplied without delay from input terminal 310 
to a first output terminal 318, and supplied with a delay 
of one field from field memory 316 to a second output 
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terminal 320. The signals obtained at output terminals 
318 and 320 are combined into a progressively scanned 
signal by, for example, a vertical tow-pass filtering proc- 
ess that takes a weighted average of the values of a 
pixel in the current field and the two vertically adjacent 
pixels in the preceding field. The resulting progressively 
scanned video signal is then supplied to one of the em- 
bodiments described above, for deflickering and recon- 
version to interlaced scanning. 

In this way the invention can be employed to reduce 
the flicker resulting from scan conversion, without un- 
necessary loss of vertical resolution, even after scan 
conversion has already taken place. 

More generally, the invention can be used to reduce 
flicker present in an interlaced video signal, without un- 
necessary loss of vertical resolution, even if the flicker 
was not produced by scan conversion. 

The invention is not limited to VGA-to-NTSC con- 
version. The invention can be used in converting any 
type of progressively scanned video signal to any type 
of interlaced video signal. Examples of other types of 
progressively scanned video signals include digital tel- 
evision broadcast signals conforming to the proposed 
European DVB standard, American ATV standard, or 
Japanese ISDB standard, as well as computer-generat- 
ed video signals of types other than VGA. 

The deflickering circuits described in the preceding 
embodiments can be used to reduce flicker in red, 
green, and blue component signals, or in color differ- 
ence signals, if circumstances make this desirable. If 
flicker is removed from the color difference signals, the 
operating characteristics or configurations of the deflick- 
ering circuits that process the two color difference sig- 
nals may differ from the operating characteristics or con- 
figuration of the deflickering circuit 30 that processes the 
luminance signal, or from each other. 

The matrix circuit may convert the input red, green, 
and blue signals to a luminance signal and two color sig- 
nals (e.g. Y, U, and V), instead of to luminance and color 
difference signals (Y, R - Y, B - Y). Modulation of the 
color subcarrier may be performed before the conver- 
sion from progressive to interlaced scanning. The effect 
of reducing flicker in the luminance signal Y remains the 
same. 

The filters used to separate horizontal and vertical 
high-frequency and low-frequency components need 
not have the configurations shown in FIGs. 6, 7, 1 3, and 
1 7. Other types of high-pass and low-pass filters can be 
employed, including, for example, fitters with more taps, 
filters with different filter configurations, finite-impulse- 
response (FIR) filters, infinite-impulse-response (IIR) fil- 
ters, and the like. The vertical high-frequency and low- 
frequency signals V H and V L can be separated by using 
a high-pass filter to extract V H and subtracting V H from 
the input signal Yin to obtain V L , instead of subtracting 
V L from Y to obtain V H . 

Those skilled in the art will recognize that further 
modifications are possible within the scope claimed be- 
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Claims 

5 

1 . A scan conversion apparatus for converting a video 
input signal having progressively scanned even and 
odd horizontal scanning lines to a video output sig- 
nal in which said even and odd horizontal scanning 

10 lines are scanned in an interlaced manner, and for 
reducing flicker in said video output signal, compris- 
ing: 

a deflickering circuit (30, 220) for attenuating 
is spatial frequency components of said video in- 

put signal combining high vertical spatial fre- 
quency with low horizontal spatial frequency, 
thereby producing a filtered video signal; and 
a scan conversion means (32) coupled to said 
20 deflickering circuit (30, 220), for converting said 

filtered video signal from progressive scanning 
to interlaced scanning. 

2. The scan conversion apparatus of claim 1 , wherein 
25 said deflickering circuit (30, 220) comprises: 

a vertical filtering circuit for separating high and 
low vertical spatial frequency components of 
said video input signal, thereby producing a 
30 vertical high-frequency signal and a vertical 

low-frequency signal; 

a horizontal filtering circuit for extracting high 
horizontal spatial frequency components of 
said vertical high-frequency signal, thereby 

35 producing a horizontal-highfrequency-vertical- 

high-frequency signal; and 
an adder (78) for adding said horizontal-high- 
frequency-vertical-high-frequency signal to 
said vertical low-frequency signal to produce 

40 said filtered video signal. 

3. The scan conversion apparatus of claim 2, wherein 
said deflickering circuit (30, 220) also comprises: 
an amplitude converting circuit (182) coupled 
45 between said horizontal filtering circuit and said 
adder (78), for modifying said horizontal-high-fre- 
quency-vertical-highfrequency signal in amplitude 
before input to said adder (78). 

so 4. The scan conversion apparatus of claim 1 , wherein 
said deflickering circu it (30, 220) separates said vid- 
eo input signal into a first component simultaneous- 
ly having both high vertical spatial frequency and 
low horizontal spatial frequency, and a second com- 

55 ponent not simultaneously having both high vertical 
spatial frequency and low horizontal spatial fre- 
quency, and comprises: 
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an amplitude limiter (128. 171, 185) for limiting 
said first component in amplitude to produce a 
limited first component; and 
an adder (78) for adding said limited first com- 
ponent to said second component to produce s 
said filtered video signal. 



The scan conversion apparatus of claim 4, wherein 
said amplitude limiter (171, 185) operates with dif- 
ferent limiting characteristics responsive to a con- 
trol signal, lurther comprising: 

a direct-current detector (172, 183) for gener- 
ating said control signal by detecting direct-current- 
like portions of said video input signal. 



10 



15 



6. The scan conversion apparatus of claim 5, wherein: 

when said direct-current detector (172, 183) 
detects a direct-current-like portion of said in- 10. 
put video signal, said amplitude limiter (1 85) re- 20 
duces said first component in amplitude and re- 
verses said first component in sign; and 
when said direct-current detector (172, 183) 
does not detect a direct-current-like portion of 
said input video signal, said amplitude limiter 25 
(185) limits said first component to a certain 
maximum amplitude. 



7. The scan conversion apparatus of claim 5, wherein 
said deflickering circuit (30, 220) separates high 
vertical spatial frequency components ot said video 
input signal from low vertical spatial frequency com- 
ponents of said video input signal, and said direct- 
current detector (1 83) generates said control signal 
by detecting direct-current-like portions ol said high 
vertical spatial frequency components. 

8. The scan conversion apparatus of claim 5, wherein 
said deflickering circuit (30, 220) extracts, as part 
of said second component, a signal having high hor- 
izontal spatial frequency, said direct-current detec- 
tor (183) compares said signal having high horizon- 
tal spatial frequency with a threshold value, and 
said direct-current detector (183) detects a direct- 
current-like portion when said signal having high 
horizontal spatial frequency has an absolute value 
less than said threshold value. 

9. A scan conversion apparatus for converting a video 
input signal having progressively scanned even and 
odd horizontal scanning lines and made up of red, 
green, and blue component signals to a video out- 
put signal in which said even and odd horizontal 
scanning lines are scanned in an interlaced man- 
ner, and for reducing flicker in said video output sig- 
nal, comprising: 

a matrix circuit (18) for converting said red, 
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green, and blue component signals into a lumi- 
nance signal and two chrominance signals; 
a deflickering circuit (30, 220) coupled to said 
matrix circuit (18), for attenuating spatial fre- 
quency components ot said luminance signal 
combining high vertical spatial, frequency with 
low horizontal spatial frequency, thereby pro- 
ducing a filtered luminance signal; 
a first scan conversion means (32) coupled to 
said deflickering circuit (30, 220), for converting 
said filtered luminance signal and said chromi- 
nance signals from progressive scanning to in- 
terlaced scanning; and 

a pair of second scan conversion means (34, 
36) coupled to said matrix circuit (18), for con- 
verting said chrominance signals from progres- 
sive scanning to interlaced scanning. 

The scan conversion apparatus of claim 9, further 
comprising a pair of low-pass filters (22, 24) coupled 
between said matrix circuit (18) and said second 
scan conversion means (34, 36), for limiting said 
chrominance signals in bandwidth, wherein: 

said first scan conversion means (32) receives 
said filtered luminance signal at a first rate; and 
said second scan conversion means (34, 36) 
receive said chrominance signals at a second 
rate equal to at most one-half of said first rate. 

A scan conversion apparatus for converting a video 
input signal having progressively scanned even and 
odd horizontal scanning lines to a video output sig- 
nal in which said even and odd horizontal scanning 
lines are scanned in an interlaced manner, and for 
reducing flicker in said video output signal, compris- 
ing: 

a horizontal filtering circuit for separating high 
and low horizontal spatial frequency compo- 
nents of said video input signal, thereby pro- 
ducing a horizontal high-frequency signal and 
a horizontal low-frequency signal; 
a first vertical filtering circuit (68) for attenuating 
high vertical spatial frequencies in said horizon- 
tal low-frequency signal by a first amount; 
a second vertical filtering circuit (1 32) for atten- 
uating high vertical spatial frequencies in said 
horizontal high-frequency signal by a second 
amount less than said first amount; 
an adder (78) for adding respective outputs of 
said first vertical filtering circuit (68) and said 
second vertical filtering circuit (1 32) to produce 
said filtered video signal; and 
a scan conversion means (32) coupled to said 
adder (78), for converting said filtered video 
signal from progressive scanning to interlaced 
scanning. 
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2. A scan conversion apparatus for converting a video 
input signal having progressively scanned even and 
odd horizontal scanning lines to a video output sig- 
nal in which said even and odd horizontal scanning 
lines are scanned in an interlaced manner, and for 5 
reducing flicker in said video output signal, compris- 
ing: 

a vertical filtering circuit for separating high and 
low vertical spatial frequency components of 10 
said video input signal, thereby producing a 
vertical high-frequency signal and a vertical 
low-frequency signal; 

an amplitude limiter (1 71 , 1 65) coupled to said 
vertical filtering circuit, for limiting said vertical is 
high-frequency signal in amplitude to produce 
a limited vertical high-frequency signal, said 
amplitude limiter (171. 185) operating with dif- 
ferent limiting characteristics responsive to a 
control signal; 20 
a direct-current detector (172, 183) coupled to 
said amplitude limiter (171, 185), for generating 
said control signal by detecting direct-current- 
like portions of said video input signal; 
an adder (78) for adding said limited vertical 25 
high-frequency signal to said vertical low-fre- 
quency signal to produce said filtered video sig- 
nal; and 

a scan conversion means (32) coupled to said 
adder (78), for converting said filtered video 30 
signal from progressive scanning to interlaced 
scanning. 

13. The scan conversion apparatus of claim 12, where- 



when said direct-current detector (172, 183) 
detects a direct-current-like portion of said in- 
put video signal, said amplitude limiter (185) re- 
duces said vertical high-frequency signal in am- 
plitude and reverses said vertical high-frequen- 
cy in sign; and 

when said direct-current detector (172, 183) 
does not detect a direct-current-like portion of 
said input video signal, said amplitude limiter 
(185) limits said vertical high-frequency signal 
to a certain maximum amplitude. 



14. The scan conversion apparatus of claim 12, where- 
in said direct-current detector (172, 183) detects di- 
rect-current-like portions of said video input signal 
by detecting direct-current-like portions of said ver- 
tical high-frequency signal. 

15. The scan conversion apparatus of claim 1 2, further 
comprising a horizontal filtering circuit (74) coupled 
to said vertical filtering circuit, for extracting a hori- 
zontal high-frequency component of said vertical 



high-frequency signal, wherein: 

said direct-current detector (183) compares 
said horizontal high-frequency component of said 
vertical high-frequency signal with a threshold val- 
ue, and detects a direct-current-like portion of said 
video input signal when said horizontal high-fre- 
quency component of said vertical high-frequency 
signal has an absolute value less than said thresh- 
old value. 

1 6. A scan conversion apparatus for converting a video 
input signal having progressively scanned even and 
odd horizontal scanning lines to a video output sig- 
nal in which said even and odd horizontal scanning 
lines are scanned in an interlaced manner, and for 
reducing flicker in said video output signal, compris- 
ing: 

a deflickering circuit (30, 220) for attenuating 
flicker in said video input signal, thereby pro- 
ducing a filtered video signal; 
a control circuit (222) for receiving expansion 
information and causing said deflickering cir- 
cuit (220) to expand a selected part of said input 
video signal vertically by vertical interpolation 
followed by vertical low-pass filtering, respon- 
sive to said expansion information; 
a horizontal interpolating circuit (226) coupled 
to said control circuit (222) for expanding said 
selected part horizontally by horizontal interpo- 
lation; and 

a scan conversion means (32) coupled to said 
adder (78), for converting said filtered video 
signal from progressive scanning to interlaced 
scanning. 

17. The scan conversion apparatus of claim 16, where- 
in said horizontal interpolating circuit (226) is cou- 
pled to an output side of said scan conversion 
means (32) and performs horizontal interpolation 
after said filtered video signal has been converted 
from progressive scanning to interlaced scanning. 

18. The scan conversion apparatus of claim 1 6, where- 
in said input video signal is made up of a luminance 
signal and two chrominance signals and said de- 
flickering circuit (220) processes only said lumi- 
nance signal, further comprising: 

a pair of chrominance scan conversion means 
so (34, 36) controlled by said control circuit (222), for 
converting said chrominance signals from progres- 
sive scanning to interlaced scanning, and expand- 
ing said chrominance signals vertically within said 
selected part of said input video signal. 

55 

19. A flicker reduction apparatus for reducing flicker in 
an interlaced video signal received a field at a time, 
comprising: 
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a field-frame conversion circuit for temporarily 
storing said interlaced video signal, converting 
said interlaced video signal to a progressively 
scanned video signal, and outputting said pro- 
gressively scanned video signal a frame at a 
time; and 

a deflickering circuit (30, 220) coupled to said 
field-frame conversion circuit, tor attenuating 
spatial frequency components of said progres- 
sively scanned video signal combining high 
vertical spatial frequency with low horizontal 
spatial frequency. 

20. A flicker reduction apparatus for reducing flicker in 
an interlaced video signal received a field at a time, 
comprising: 

a field-frame conversion circuit for temporarily 
storing said interlaced video signal, converting 
said interlaced video signal to a progressively 
scanned video signal, and outputting said pro- 
gressively scanned video signal a frame at a 
time; 

a frequency separating circuit coupled to said 
field-frame conversion circuit, for separating 
from said progressively scanned video signal a 
first component signal combining high vertical 
spatial frequency with low horizontal spatial fre- 
quency; 

a filtering circuit coupled to said field-frame 
conversion circuit, for attenuating spatial fre- 
quency components of said progressively 
scanned video signal simultaneously having 
both high vertical spatial frequency and low hor- 
izontal spatial frequency, thereby producing a 
second component signal; 
an amplitude limiter (128, 171, 185) coupled to 
said frequency separating circuit, for limiting 
said first component signal in amplitude to pro- 
duce a limited first component signal; and 
an adder (78) coupled to said amplitude limiter, 
for adding said limited first component signal to 
said second component signal. 
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21. A flicker reduction apparatus for reducing flicker in 
an interlaced video signal received a field at a time, 
comprising: 

a field-frame conversion circuit for temporarily 
storing said interlaced video signal, converting 
said interlaced video signal to a progressively 
scanned video signal, and outputting said pro- 
gressively scanned video signal a frame at a 
time; 

a horizontal filtering circuit coupled to said field- 
frame conversion circuit, for separating high 
and low horizontal spatial frequency compo- 
nents of said video input signal, thereby pro- 



ducing a horizontal high-frequency signal and 
a horizontal low-frequency signal; 
a first vertical filtering circuit (68) coupled to 
said horizontal filtering circuit, for attenuating 
high vertical spatial frequencies in said horizon- 
tal low-frequency signal by a first amount; 
a second vertical filtering circuit (132) coupled 
to said horizontal filtering circuit, for attenuating 
high vertical spatial frequencies in said horizon- 
tal high-frequency signal by a second amount 
less than said first amount; and 
an adder (78) coupled to said second vertical 
filtering circuit, for adding respective outputs of 
said first vertical filtering circuit (68) and said 
second vertical filtering circuit (132). 

22. A flicker reduction apparatus for reducing flicker in 
an interlaced video signal received a field at a time, 
comprising: 

a field-frame conversion circuit for temporarily 
storing said interlaced video signal, converting 
said interlaced video signal to a progressively 
scanned video signal, and outputting said pro- 
gressively scanned video signal a frame at a 
time; 

a vertical filtering circuit coupled to said field- 
frame conversion circuit, for separating high 
and low vertical spatial frequency components 
30 of said progressively scanned video signal, 

thereby producing a vertical high-frequency 
signal and a vertical low-frequency signal; 
a horizontal filtering circuit coupled to said ver- 
tical filtering circuit, for separating high and low 
35 horizontal spatial frequency components of 

said vertical high-frequency signal, thereby 
producing a horizontal-high-frequency-verti- 
cat-high-f requency signal and a horizontal-low- 
frequency-vertical-high-frequency signal; 
40 an amplitude converting circuit (171) coupled 

to said horizontal filtering circuit, for modifying 
said horizontal-low-frequency-vertical-high- 
frequency signal in amplitude to produce a 
modified horizontal-low-frequency-vertical- 
45 highfrequency signal, said amplitude convert- 

ing circuit operating with at least two different 
input-output characteristics responsive to a 
control signal; 

a direct-current detector (172, 183) coupled to 
said amplitude converting circuit, for generat- 
ing said control signal by detecting direct-cur- 
rent-like portions of said progressively scanned 
video signal; and 

an adder coupled to said amplitude converting 
circuit, for adding said vertical low-frequency 
signal, said horizontal-high-frequency-vertical- 
high-frequency signal, and said modified hori- 
zontal -low-frequency-vert ical-highf requency 
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23. A flicker reduction apparatus lor reducing flicker in 
an interlaced video signal received a field at a time, 
comprising: 

a field-frame conversion circuit lor temporarily 
storing said interlaced video signal, converting 
said interlaced video signal to a progressively 
scanned video signal, and outputting said pro- 
gressively scanned video signal a frame at a 
time; 

a vertical filtering circuit coupled to said field- 
frame conversion circuit, for separating high 
and low vertical spatial frequency components 
of said progressively scanned video signal, 
thereby producing a vertical high-frequency 
signal and a vertical low-frequency signal; 
a horizontal filtering circuit (74) coupled to said 
vertical filtering circuit, for attenuating low hor- 
izontal spatial frequency components of said 
vertical high-frequency signal, thereby produc- 
ing a horizontal-high-frequency-vertical-high- 
frequency signal; 

an amplitude converting circuit (182) coupled 
to said horizontal filtering circuit, for modifying 
said horizontal-high-frequency-vertical-high- 
frequency signal in amplitude to produce a 
modified horizontal-high-frequency-vertical- 
high-frequency signal; and 
an adder (78) coupled to said amplitude con- 
verting circuit, for adding said modified horizon- 
tal-high-frequency-vertical-high-frequency sig- 
nal to said vertical low-frequency signal. 

24. A flicker reduction apparatus for reducing flicker in 
an interlaced video signal received a field at a time, 
comprising: 

a field-frame conversion circuit for temporarily 
storing said interlaced video signal, converting 
said interlaced video signal to a progressively 
scanned video signal, and outputting said pro- 
gressively scanned video signal a frame at a 
time; 

a vertical filtering circuit (154) coupled to said 
field-frame conversion circuit, for separating 
high and low vertical spatial frequency compo- 
nents of said progressively scanned video sig- 
nal, thereby producing a vertical high-frequen- 
cy signal and a vertical low-frequency signal; 
an amplitude converting circuit (171 , 185) cou- 
pled to said vertical filtering circuit, for modify- 
ing said vertical high-frequency signal in ampli- 
tude to produce a modified vertical high-fre- 
quency signal, said amplitude converting circuit 
operating with at least twodifferent input-output 
characteristics responsive to a control signal; 



a direct-current detector (172) coupled to said 
amplitude converting circuit, for generating 
said control signal by detecting direct-current- 
like portions of said video input signal; and 
5 an adder (1 73) coupled to said amplitude con- 

verting circuit, for adding said vertical low-fre- 
quency signal to said modified vertical high-fre- 
quency signal. 

10 25. A scan conversion apparatus for converting a video 
signal from a progressively scanned format to an 
interlaced format, comprising a deflickering means 
for attenuating a high vertical spatial frequency 
component of the video signal wherein the deflick- 
is ering means attenuates to a greater extent video 
signal having a relatively low horizontal spatial fre- 
quency 



26. A scan conversion apparatus for converting a video 
20 signal from a progressively scanned format to an 

interlaced format, comprising an expansion means 
for expanding a selected part of said input signal, 
and a deflickering circuit which attenuates flicker in 
the interlaced video signal by low-pass vertical spa- 
25 tial frequency filtering of the selected part when at 
least partially expanded. 

27. A scan conversion apparatus for converting a video 
signal from a progressively scanned format to an 

30 interlaced format, comprising an expansion means 
lor expanding a selected part of the video signal by 
vertical interpolation and for performing the pro- 
gressive-to-interiaced scan conversion, and a sep- 
arate horizontal interpolating circuit for expanding 
35 the selected part horizontally after the progressrve- 
to- interlaced scan conversion. 
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